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ABSTRACT 
~l A sediment· budget ·was -developed for ·southern Monterey Bay, 
~ Leal ifornia. This budget · is · based- heavily upon sediment i nformation 
obtained from field and· ·laboratory studies. These stodi es i ncluded 
a detailed quasi~synopti c · areal sampling · to determine di stribution of 
~ textural · patterns, and· a time- series study of beach and surf-zone sand 
l? amples obtained· from local · sand-mining compani es . 
Results · from these studies. were combi ned with data on river 
discharge, the wind and wave reg imes;-~ and · shore·line changes during 
the past century to develop quantitative estimates of sedimen t gains 
and losses to the · cell . It was determined that the major sources of 
sediment are the discharge from· the Salinas River which empties into 
the northeast corner of the cell, and erosion of Quaternary-seacliffs 
which form the inner· bay· shore. Major· sin ks are the Monterey Sub-
marine Canyon·, active coastal dune fiel ds , the min ing compani es, any 
the offshore area . 
The recent history of the sedi men t regime i n the southern bay 
is reviewed, and a· forecast of· future nearshore changes is · made . Recom-
mendations for further work needed to refine t he budget· computations 
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I . INTRODUCTION 
A. PURPOSE AND SCOPE 
This study deals with the sedimentary environment and the move-
ment of sediments i n the southern portion of· Monterey Bay, California 
(Figure 1) . The primary purpose of the work was to outline the major 
factors contributing to the sand budget of the area and to correlate 
these factors with the present areal patterns of textural properties of 
beach and nearshore surface sediments . Because of the magnitude of the 
--
task of undertaking a total sand budget study and the incomplete nature r-wr--c 
of some of the data, emphasis was nJ ace_,_d _,.,_,_..,_,. arzea 1 
distribution and seasonal variaQility of sediment patterns and on lit-
toral transport . Quantitative evaluation of· credits and debits to the 
budget was in most· ~ases quite tentative . 
Any sand budget has immediate practical interest, primarily for 
coasta1 engineering purposes, to the area under investigation. A 
further intent of this study was to provide an insight into the relative 
frequency- and magnitude of geomorpho 1 ogi c· processes in the southern 
Monterey· Bay area . The· location of gaps in both specific data and 
basic knowledge concerning the region and processes is a natural out-
growth· of attempts to· transform and synthesize information from dif-
ferent specialti es and to· take the major step· from qualitative to 
quantitati ve · i nterpretation . 
Ie-~c-r~) N4 Southern Monterey Bay extends from Monterey Submarine Canyon 
C~'1f} at Moss · Landing, · to Po i nt Pinos on the Monterey Peninsula . It is 
considered to const i tute a single sediment or littoral cell, i.e . , a 
bounded area within which a continui ty Oi' budget· principle may be 
9 
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~ applied to the study of the beaches and nearshore ocean floor and their 
~hanges. The area and many of the debits and credits in its budget are 
shown in Figure 2. The major portions of the present investigation of 
this cell, and the primary data sources, are as follows: 
l. Delineati on of quasi-synoptic sediment parameter patterns 
- . .., the area. Samples were collected and analyzed by the author. 
2. Determination of seasonal and annual variations of sediment 
parameters on the beaches . Samples collected at two Pacific Cement and 
Aggregates mining locations over periods ranging from six months to two 
years were analyzed . 
which ll ow: 
y7, a) Salinas River surface water and suspended sediment 
~~:# records were analyzed using data provided by Mr. B. Eissler of the 
Salinas office of the U.S . Geological Survey, Division of Water 
Resources. Dates of river outflow to the sea were obtained from the 
Mon terey County Flood Control Division . 
OJyf b) Seacliff erosion was evaluated from aerial photographs, 
~~~ n~t~;ned from various sources, dated from 1941 through 1968. 
c) Longshore components of wave power and sediment trans-
~ ~~~ port were computed from National Marine Consultants (19 '~ 1) ~· : 1 ve ilindcast 
~ statistics, using refraction information provided by Professor Warren C. 
Thompson of the Naval Postgraduate School. 
r iflr'\ d) Qualitative sand mining information was obtained from 
c- !"'"9 
o interviews with the local sand mining companies. Production volumes 
were taken from published state and federal statistics . 
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e) Shoreline and bottom depth changes with time were 
analyzed by comparison of U.S. Coast and Geodetic Survey (C. & G.S.) 
smooth sheets of 1351-54 through 1953-54, and of U.S. Army Corps of 
Engineers Monterey Harbor surveys and probings from 1932 through 
1Q!=i 3 . 
f ) Sediment transport by wind was computed from eight 
years of data taken at the Naval Auxiliary Landing Field, Monterey. 
4. Correlation and synthesis of· the above data was attempted, 
using additional mineralogical, local, and general studies as referenced 
i n t he text. 
It should be noted that Section II~ concerning the quasi-
synoptic distribution of textural properties of sediments in the 
southern end of the bay, is written in somewhat more detail than is 
of interest to the average reader. This portion of the study was a 
necessary preliminary operation for the pure budgetary computations, 
and provided the basis on which many of the later conclusions and propo-
sitions were based. It was primarily designed to aid in the location 
of the important areas, sources, and losses for the budget, and to 
indicate the resultant of the · major geomorphological processes in the 
littoral cell. · The basic information from this section has been sum-
marized in the charts, Figures 6 through 15, and in the subsection on 
conclusions . 
B. AREA CHARACTERISTICS 
The land area to the east of the southern bay is dominated by 
s;A-£,.1"4A.S: the Salinas River valley. The Salinas _River extends inland to the south-
te•S?:Jl.. 
southeast and has a drainage area of 4,157 square miles. Inland of the 
city of Salinas, located about 10 miles upriver from the mouth, the 
-
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valley is flanked by mountain ranges whi ch parallel the rest of its 
course . Rocks of many kinds -- sedimentary, i gneous, and me tamorph i c 
-- are exposed in the drainage basin and are t hus available fo r trans-
port to the shoreli ne . The mou th of the river is presently located 
about a mile and a ha lf south of Moss Landing . It i s ponded behind 
a beach bar during mos t of th e year, and flows directly into the ocean 
only when an open ing in the bar is artificiall y created to prevent 
flooding. At the coas t, the r iver va l l ey extends from a dune field 
immediately south of the pres en t outfall to El khorn Slough on the 
north. A channel which was abandoned i n about 1906 runs northward 
behind the beach and empties into the slough. 
Most of the area between the r i ver val ley and the Monterey 
Peninsula is ccvered by a Quaternary dune fi el d. Dunes form the shore-
of the inner bay coast. They are low and 
narrow in the southern end of t he bay and slowly increase in height 
and width for about two miles upcoast from Mon te rey Harbor (Figure 2). 
At this point the dunes increase rapi dly in he ight and extend several 
/
miles inland . From Sand City on the sou th to the Sa l inas River valley 
on the north , the seacliffs average approximatel y 38 feet in height. 
Maximum elevation of the cliffs i s over 160 feet, and in the Fort Ord 
area the tops of the dunes li e about 100 feet immed i ately above the 
beach . 
extend 
The seacl iffs are fre qu ently cut by wind gaps in whi ch t e dune] 
North of the river t he coastal dunes , whi ch 
northward to Elkhorn Slough, are low and narrow . 
There are two notable geologi cal formations in the southern bay 
area. These are the Santa Lucia granodiorite which composes most of 
the Monterey Peninsula, and t he Miocene Monterey Formation, a diatoma-







These fo rmati ons· meet· al ong t he Tul arci tos . Fault (Fi gure 2), wh i ch is 
postulated · to extend across the bay fl oo r (R. Ford, personal omrnunica-
tion) . The gr anod i ori te forms t he shor eli ne al ong the entire north-
eastern face of the Pen i nsu l a. The Monterey sha l e generall y di ps to 
the west and nor th and i s overlain superfi ci ally by bo t h the Paso Robles 
Formati on of Pl i ocene age and by Quaternary alluvi um and dune sands . 
_ __kll"1t ~-tf'r',.....- "'~ The offshore topography of the bay i s domi nated by the we] 1 
7 c,pr-r' I 
known Monterey Submari n ~ Canyon whi ch heads wi th i n a hundred yards of 
the beac~ Moss Landi ng . The 100 f athom cu rve extends southwest from 
approximately 2,500 ya rds off the beach at the head, and l i es about 
8,000 yards west of Po i nt Pi nos (Fi gu re 1) . The southern shel f slopes 
gently shoreward wi th contours approxi mately paral l el to the beach . 
Isobaths under 40 f athoms ref lect the U-shaped shoreline of the southern 
end of the bay . Bottom probes and bathymetry indi cate the presence of a 
minor ancient drai nage channel f rom the El Este ro. This channel follows 
the shale-granodi or ite contact . A f airly signi f i cant bulge of isobaths 
occurs off the mouth of the Sali nas River and represents a submar ine 
delta . This delta i s qu i te l arge, consideri ng the short period of time 
the river has empti ed i nto th i s l ocation and the severity of wave acti on 
on the open coast; i t may represent a recent addit i on to an earlier 
accumulation of delta i c sediments . 
The cl imate of the area i s characteri zed by cool dry summers 
and wet winters . There i s much l ocal microclimatological var iati on 
near the Peninsula due to orog raph i c control . Normal total annual 
rainfall at the coast i s 12 .6 i nches; the bul k of th i s falls f r om 
November through April . Ra i nfall decreases rapidly inland . The 




about a go diff erence between the means of t he warmest and coldest 
months . Winds at the coast are· predomi nant1y f rom the northwest, and 
there is a well-developed sea-land breeze regi me from late spri ng 
through fall . Wind waves and swell are also primarily from the north-
west, with much seasonal variation . Wi nd and waves are dis cussed in 
more detail under sediment budget considerations . 
There is little detailed information avail able concerning the 
currents of the bay . They are known to show seasonal variati ons and 
are believed to · be strong1y i nf luenced by the offshore oceanic regimes . 
~ There are three ma jor periods in thi s yearly cyc le . The southward 
~ 
flowing California Current, a pe rmanent major feature off t he coast, 
CAL•~'~ enters the bay and domi nates its water mass characteris tics only 
J:>f'rVJ>~· during October and early November, when winds are 1 i ght and erratic . 
C\..lrut.t'Ni 
From November through February~ south winds create the narrow, slug-
gish Davidson Current which flows to the north, shoreward of the 
California Current . In February the wi nds reverse~ the Davi dson 
Current ceases, the Ca l iforni a Curren t moves away from the coast, and 
upwelling commences . This lasts until about October when the California 
Current again moves in against the shore as the winds die down . 
Under the influence of· the offshore currents and submarine 
topography, two genera l patte rns of water mot i on are set up in the 
southern bay . During the win ter months there is a slow; northward 
moving· nearshore · current along· the entire eastern shore . From spring 
through fal l, there appears t o be a slow southward f lowing nearshore 
current· from· Moss Landing to Sand City . A small and weak cyclonic gyre 
is developed i n the southern end of t he bay because of intersection of 




secimert sampling operations for this study, the nodal point of these 
flows was noted to be located about a mile south of the southern border 
of Fort Ord (Figure 2). Littoral currents do not appear· to be related } 
to these nearshore patterns, but are instead responsive to waves and __j 
swe 11. 
Monterey Harbor, located at the extreme southern end of the 
bay, is protected by a concrete and rubble breakwater on the north-
west and by a solid wooden bulkhead on the southeast. Nearshore cur-
rents in the harbor area are very slow and weak, and most circulation 
through the harbor is due to tidal flow. The protective structures 
prohibit longshore transport of sediments into or through the harbor, 
so that virtually all flow must enter and leave on the seaward side. 
LITERATURE 
Previous pertinent work in the Monterey Bay area has developed 
the general outlines of sedimentary patterns and constituents. 
Galliher (1932) described the geology and topography of the entire bay 
and drainage areas, charted the distribution of sediments by size, and 
reported the carbonate, sulfide, and phosphate content of offshore 
samples. He emphasized the strong influence of submarine canyons on 
t1e nature of the terrigenous bay sediments, and noted a generally 
d~creasing average grain size with increasing water depth. He also 
described the presence of sulfide-rich brown and black muds beyond the 
20-fathom contour. More recently, Wolf (1968) attempted to relate 
: urrent and sediment patterns in the nearshore regions of the bay. He 
usco a w-: dr sample spacing and concluded that bay sediments are under 
}ct ive tr ~ r s port, primarily parallel to isobaths. 
17 
Minera l ogy of the beach sands has been studi ed by Hutton (1959) 
and Sayles (1966 ). Both authors report a major compositi onal break at 
Elkhorn · Slough , with hornblende and garnet bei ng the predominant non -
opaque heavy mi nerals to the south . Sayl es noted an additi onal miner-
alogical break about a mile no rtheas t of the harbor, with hornblende 
being predominant at the extreme southe rn end of the bay and along the 
shoreline of Monte rey Pen i nsula . Monteath (1965 ) analyzed 38 off-
shore samples for percentage concentrat ions of nine constituents 
believed to be indicative of the depos iti onal environment . He noted 
that most constituents are concentrated in bands which roug hly parallel 
the coast. Terrigenous material is most important near the beach in 
areas of medium and fine sand, and pelagic and authigenic constituents 
increase in percen tage with distance from shore. An anomal ous area of 
micaceous fine sand· was noted to exi st in the extreme southern end of 
the bay . ~ 
~ Yancey (1968 ) studied the heavy mineral consti·tuents of beach, river, and offshore samples i n an attempt to determi ne provenence of· the bay sediments . · He attr ibuted· the nearshore sediments in tbe southern 
call to a Salinas River source, but foun d a separate off shore province 
of undetermi ned or i gin . He concluded that t he Monterey Submari ne Canyon 
is the· northern · boundary of· the southern cel l' and that no detectab l e 
mixing· occurs between sediments from t he Sa l inas and Pajaro Rivers, 
except i n the canyon itself . He also subjectively evaluated the physi-
ography of the region , and conc luded that the inner shore of the bay 
between Marina and Monterey i s in equili brium with the waves. He 
further postulated that the delta off the mouth of the Salinas River 





Salinas has been in its present location throughout the Pleistocene 
and Holocene . Serious discrepancies between· many of Yancey's conclu-
sions and the results of the present analys i s are discussed in subse-
quent sections· .. 
Mining operations and the economically valuable beach and dune 
sand deposits forming the eastern coast of southern Monterey Bay have 
been described by Goldman (1964) and Hart (1966) . Four companies are 
engaged in mining both beach and dune sands at six locations south of 
the Salinas River (Figure 2) . The mi ning operations are concentrated 
in areas of coarse beach sands to the north and south of Fort Ord . 
Dragline scrapers in the surf zone are used in five of these opera tions . 
Some of the sites have been mined continuously for over 60 years . 
The Corps of· Engineers (1959) used refracti on di agrams, annual 
peak river discharge· data, and comparisons between successive C. & G.S. 
smooth sheets to determine shoreline changes in the southern bay since 
the first detailed surveys in 1851 to 1854 . They reported an overall 
seaward movement of the shoreline, but found no correlation between 
dates of Salinas · River floods and shoreline migration . They estimated 
l
longshore drift on the basis of wave 
postulated · a downcoast drift which decrease 
Slough to a nodal point about two miles northeast of the h rbor. They 
also concluded that drift is vari able in the harbor area and that only 
a relatively mi nor amount of fine sediment is accumulating inside the 
harbor . Lack of accretion on either side of the Coast Guard Breakwater, 
.constructed at Monterey Harbor in 1934, indicated to them that transport 
along the adjacent pen i nsula shoreline were 
small . 
19 
Short term , localized sand movement studies have been conducted 
in the southern bay by Hohenstei n, Jaeger, and Jones (1965), and adja-
cent to Monterey Canyon by Davis, Harper , and Ne i sh (1966) . Thes~ 
studies concluded that · sand diff usion rates are large but that lit-
------toral trans ort is neg l igible in the~uthern area, and that transport 
is redominantly towa rd the canyon near Elkhorn Slough . Reconnaissance 
studies of sed imen t parameter distributions along the bay beaches have 
been conducted by several studen ts at the Naval Postgraduate School . 
These and other studies i ndicat e that th roughou t the year the coarsest 
sand is located in and immediately north of t he Fort Ord area , with 
gradations · to med ium and fine sand to both north and south . The finest 
beach sand i s found at the extreme southern end of· the bay . 
D. SEDIMENT CELL BOUNDARIES 
The li tera ture has · in general indicated that t he southern portion 
of· Monterey Bay comprises a nearly compl et e littora l cel l with boundaries 
at the Monterey Submari ne Canyon and at Point Pinos (Figure 2). Ma j or 
sediment inputs to the cell are from the Salinas River, erosion of the 
QuaternarY. dunes borderi ng the inner beaches, and shoreline a~osion 
and abrasion of the granodiorite exposure of ·the Monterey Peni nsula . 
An additiona l poss ible source (Shepard , 1963) i s onshore trans ort of 
material from the shelf . Losses are t o ~he dunes , down the canyon,~ ~Sl~ 
and by mining . Southerly longshore sand transport is large in t he 
[
northern portion of the cell, but continual losses must occur enroute 
because very little acti ve depos ition takes place i n the harbor area . 
\ The entire cell i s essentially stable, and littl e change has occurred 





The sediment cell for this study is therefore specified as the 
area of the· continental · shelf bounded by the Monterey Submarine Canyon 
on · the · north · and west and by Po i nt Pinos on the southwest . The 
selection of these ~undaries i s supported ·by the known ability of 
submarine· canyons to form littoral barri ers (Shepard, 1951, 1965), 
by surveys which show sol i d rock bottom in the nearshore to the west 
of Po in t Pinos (Galliher, 1932), and by the various mineral studi es . 
It is assumed throughout this study that there are negligi ble inputs 
to the · cell from beyond these boundari es, so that sources are l imited 
to the contiguous land areas . The canyon, offshore area, beaches, 
and the area· south of· Point Pi nos must all be considered as possible 
sinks. 
Although the budget· considerations are applied to the entire 
cell, the area chosen for detailed sampling and examination of sediment 
textural distributions was limited to· a 15 square mile zone in the 
southern· end of· the ·· bay (Figure 2) . Previous workers · (e . g. , Galliher, 
· 1932; Wolf·, 1968) · have broadly sampled the entire cell and indicated 
the general · nature ·of the sediment si ze distribution . It was therefore 
felt that a detailed examination of· a key area would be of greater value 
than a wide· and general ··· resurvey, si nee 1 ack of t ime precluded a 
de tan ed sampling of the who 1 e bay bottom . 
The extreme southern end of the bay was chosen for sampling 
in· the -- belief·· that sediment textural · patterns-withi n i t would best 
represent the · resultant· action of all of the geomorphological processes 
of importance in the cell . Thi s area i ncludes both the granod i ori tic 
sands of· the· Monterey· Peninsula and a significant and· typical por tion 
of the· inner· bay shore . It extends · from a· region of small wave action 
21 
near the harbor t o t he· open~ uns heltered · areas near Point Pinos and 
along Fort Ord . It· includes t he area of convergence of the cyc l onic 
current gyre near the harbor and the predominantly southward f l owing 
nearshore · current of t he eas tern bay shore ; i t also encompasses the 
nodal · poi nt of sand transpor t · mentioned by· the Corps of Eng ineers (1959). 
Due to the shape of t he bay and the preva i li ng wind and wave di rec-
tions, the area chosen for detai l ed text ura l st udy shoul d act as a 
sink · for materi al · f rom both upcoast and along the Peninsul a. The 
detailed patterns of its sediments shoul d th us gi ve an i ndi cat i on of 
the relative· magn itude of sediment sources and trans portati on mechanisms 





II . QUASI~SYNOPTIC SEDIMENT· PATTERNS 
A. SAMPLING PROCEDURE 
The term quasi-synopti c· is intended to imply that samples were 
collected within· a suf f i ciently· short· time period that temporal varia-
tions · were minimized ~ - The samples are thus representative of spatial 
variations of textural parameters along the beach and i n the of fshore 
area . No attempt· was made· to include continuous sampl i ng across the 
surf zone . Therefore, no conclus ions can be drawn about the relation-
ship between beach and offshore samples. Because of the radically 
different nature of processes acting on the beach and outs i de the 
surf zone, and to the time considerations of continuous profi le col-
lections · at a· large number of locations, no· coupling of envi ronments 
was attempted. 
A total of 420 sediment· samples were collected . Of these 
samples~ 320 were directly used for analysis · of sediment patterns; 
their locations are charted in Figure 3. The additional 100 samples 
were duplicates · of reported stations or fell outside of the boundaries 
of the study area . These extra samples were used to verify continuity 
or· repeatabi"l ity of results in time and space . Samples numbered 1 
through 150 were taken on 8 and 9 March, 1968; 151 through 172 on 
April 6, 1968 ~ 173 through · 400 on 15 to 17 June, 1968; and 400 through 
420 on 22 September , 1968 . 
All offshore samples were taken from the Naval Postgraduate 
School 63 foot research vessel, using a Dietz-LaFond Heavy Duty Grab 
and a locally modified clamshell mud snapper . Sample volumes averaged 
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at each station . Navigati on · for offshore -stations numbered under 
400 was · by· visual compass bearings . Fathograms and coastline photo-
graphs from each stati on were · used· for-verification of position. 
Notations · of- these· positi ons are believed· to be accurate to within a 
25 yard radius ·. 3tati ons·· 401 ·through 420 were 1 ocated by radar 
navigation, assisted by fathograms . The positions of these stations 
are believed accurate to wi thin a lOO· yard radius . 
In an attempt to determi ne representati veness of grab samples 
and to more closely delineate the boundaries of reported rock out-
'croppings, scuba dives were made around Stations 5, 6, 241 to 242, 
248 to 252, and 280 . In general, the dives indicated that in areas 
of sand and mud the samples were representative, but that in regions 
near the boundaries of rock outcrops, wide and random deviations in 
types of bottom sediments occurred within short distances. Based on 
these· findings a small sampling interval was used in areas of suspected 
anomalies ·; and several · grab· drops were made at most of these stations. 
Beach samples were collected along 47 sections extending from 
Monterey Harbor to the northern porti on of Fort Ord . At 40 of these 
47 sections, three samples were taken across the beach profile at the 
positions indicated on Figure 4. Where hi gh dunes are not present 
immediately beh i nd the beach, the backshore sample was taken from an 
approximate 2-foot depth be l ow livi ng vegetation . All backshore or 
dune samples were taken from undisturbed material beneath the surface 
near the foot of the seacl iffs . Exceptions to this sampling procedure 
are noted on the sedi ment parameter charts, in Figures 6, 8, 10, 12, 
and 14 . · At the addi t i onal seven beach secti ons, only the in-water and 
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backshore materia1, presence of seawalls, or · disturbance from construc-
tion. · An attempt was made i n all cases where· the backshore was sampled 
to include semi-consol i dated materi al whi ch visually appeared representa-
tive of· the immed i ate area . 
Samples from the water and beach were taken by hand from the 
top 10 cm· of materi al . Their average weight was approximately 250 
grams ~ Beach areas · wh ich visually appeared to have uniform composition 
for a longshore· extent of at l eas t 50 yards were selected for sampling. 
Notati on of secti on pos i t i ons i s es t i mated to be accurate to within 
50 ya rds . 
The pocket beaches along the Monterey Peninsula were not 
sampled . · Virtually al l of the sand on these beaches has been derived 
from the immed i ate vi cinity by eros i on and abras i on of the granodiorite 
which constitu tes the· shorel i ne i n this area . These beaches are 
characteri sti ca lly composed of coarse sand, cobbles, and boulders . 
Grains are angu lar and unpol i shed, and show littl e ev i dence of long 
res i dence on the beaches . 
Lengths of beach · sampled at one time were l imited to that which 
could be covered within an hou r and a half of low t i de . Breaks in the 
dates of sampl i ng occurred at t he southern Fort Ord border and near the 
southern end of the bay~ Surf conditions were qual i tatively similar 
(low· to moderate ) for a minimum of two weeks pri or to each sampling 
date, and mi nimum sampl i ng overl aps of 700 yards (two secti ons) were 
made . While anal ysis i ndicated that overlapped sampl es were not 
identi cal, no maj or compos i t i ona l differences were noted between those 
of· similar pos i t i on but different date . Values of all parameters fell 
with i n the same cl ass ranges (as descri bed i n the sections on the 
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parameters) fo r the duplicated sampl es . Sampl es which were duplicated 
at sea · similarly showed only minor differences. Approximatel y 25 
samples were taken to the north of t he detailed study area and shore-
ward of· the 30 fathom line, to insure upcoas t continui ty of reported 
sand regimes ·. · Analysis of· these samples · verifi ed· the simil ari ty of 
parameter ·patterns· along the coast t o the north. 
B. ANALYSIS AND · PRESENTATION 
All samples· were· freshwater· ri nsed t o remove· the maj ori ty of 
salts ~ · sampl es were placed on a 12 .5 em diameter fa st filtering paper 
in a two;..pound coffee can with a perfo rated bottom. Approxi ma t ely 
twice the sample•s vo lume was used for r insi ng. Rinse water was 
retained· in · an evaporat ing di sh , all owed t o set tle and then decanted, 
to farther ·· i nsure retention of fines. Sampl es were dried at l40°F for 
a minimum of ·· 24· hours·; mechan ically disaggrega ted as necess ary, and 
again dried for a minimum of 30 minutes prior to analysis . Due to 
the extreme vari ability of temperature and humidity in the l aboratory, 
samples were si eved while hot t o prevent cohes.ion due to moi sture and 
resultant cl ogg i ng of sieves. 
A stack of · 11 sieves at half- ph i interva ls from 4 ~ to 1 ~ . and 
at one-phi i nterva ls from 1 ~ t o -2 ~ were used [~ = -log2 (grain 
diameter t n nrt11imPters)]. Tv:o s2ts of s ieves ·v:e rG used, and 
several samples wh ich were spli t and run for comparison of t he sets 
showed· insigni f i cant di fferences in computed parameters. A mi nimum of 
10 minutes · of · shak ing time and a maxi mum weight of 150 grams were used 
for · each · sample run. Samples containi ng a· large percentage of fine 
material · were pre-si eved dry t hrough the 4 ~ si eve. A pipette analys i s 






(Figure 3), and on several sampl es f om directly nor th of the st udy 
area , i n order to determi ne approxi mate compos i ti on of the fi ne frac-
t i on of offshore sampl es . 
The t extural paramete s used and eported here i n are those of 
Inman (1952 ) . They a e gi ven by t he al lowi ng f ormu l ae: 
Medi an = Md = ¢ <~>so 
Mean = M = J,z(¢84 + ¢16) ¢ 
Deviation = (J = J,z(¢84 - ¢16) 
1st Skewness = a. = Mean - Med i an Deviati on 
J,z(¢95 <Ps) - Med i an 
2nd Skewness = a. = Devi ati on II 
!-z{<Pgs - <Ps) - Deviati on 
Ku r tosis = e = Deviat;on 
Data were processed on the Naval Postg aduate School IBM 360 
compu t er . Cumulative wei ght val ues measu red to 0.0001 grams on a 
Mettl er ba lance were read i n, and values of we i ght per si ze class and 
cumula t ive percent we e received as ou tput . A Calcomp plotter was 
utili zed t o simultaneously construct the cumulative frequency graph on 
two scal es fo r each sample . The graph, an exampl e of which i s presented 
as Figure 5, showed grain di ameter i n millimet ers versus cumulative 
freq uency percent on ari thmet ic o di nates . Percen t il e val ues were 
manually read from a hand smoothed curve drawn th rough the data po i nts . 
Based on the results of the pi pette analysis a l ower limiti ng grai n 
di amet er of 6 ~ was ass i gned to the fine frac t i on before hand smooth i ng 
of the cumulative frequency curve , if the fi nes represented over 2% of 
the total sampl e weight (Fri edman , 1967 ) . The computer prog rams are 
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presented as Append ices A and B, and compilations of sample weights, 
cumulative percentages, and ph i percenti l e values and textural parame-
ters are presented respectively as Append ices C, D, and E. 
The analys is method o computer plotti ng followed by hand 
reanalysis has the dual advantages of fairly rapi d speed and the 
necessity of visual exami nati on of each sampl e s cumulative frequency 
graph . By perf ormi ng a detail ed exami nation of each graph, the worker 
retains a feel for his data . Complete machine analys i s (e .g. , Collias, 
Rona, and McManus, 1963 ) is bel i eved by th i s author to decrease the 
valid i ty · of subjective ana lysi s of the resu lting di stribution patterns 
since the worke sees on ly the numerical results . The shape of the 
cumulative curve and its mi nor per tu rbations, which in many cases are 
as diagnosti c as the par ameters des cri bi ng them, are thus overlooked 
and the i nvest igator is r emoved even furth er from the realities of the 
suite· under ·investigati on . Inman's pa rameters were used because of 
their wide acceptance and because , for the · sample su i te under considera-
tion, they provide· as complete a stati stical picture as required. 
Some cri t i ci sm has been presented i n the l i terature (e .g. , 
Folk, l966) · of the sedimen t analys is methods used i n th i s study . In 
order to i nsu re that results were not bi ased by the methods used, a 
set of 10 samples represen tati ve of all environments i n the suite was 
selected for fu r ther analysis . The cumulative f requency di stributions 
of these samples i n¢ un i ts were hand-plotted on ari thmeti c probability 
paper . Values of Inman parameters and of ph i percent il es computed from 
these· plots showed i ns i gni ficant di fferences f rom those computed by the 
hand-computer method us i ng straight arithmeti c paper . Folk and Ward 
(1957) stati sti cs of mean and devi ati on were computed us i ng all 
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available samples , and· scatter plots of Inman versus Folk and Ward 
parameters were dr awn. These plots indicated close similarity between 
the two sets of parameters. Based on t hese f indi ngs, i t was concluded 
that the computer~hand · analysis methods and t he simple Inman parame-
ters used here were entirely satisfactory for analysis of the sediment 
patterns in southern Monterey Bay . 
The computed values of mean, deviation, 1st and 2nd skewness 
and kurtos is have been plotted and contoured and are presen ted in Figures 
6 through 15 . Two charts are presen ted for each parameter; one contains 
numerical ··values -of· parameters at · each station and the other i s the 
· author·•s analysis . This duality is intended to aid the reader in 
locating specific sta ti on posi t i ons and val ues, and to permit alternate 
analysis · if desired. Beach samples have not been contoured in detail 
due to · chart scale limitations . Patterns of the med i an were extremely 
similar to those of mean, and were t herefore no t plotted . The median 
values were used ·in the computa tion of the other parameters and also 
served as a check on t he con t inuity of resul ts for each sample . 
Areas were designated as rock ou tcrops only if actual pieces 
of the rock or· li ving organ i sms known t o reside only on sol id sub-
strata (e . g .~ the solitary cora l Bal anophyl lia elegans) were obtained 
in the grab . Other i ndi cators used to help delineate the extent of 
rock··outcroppi ngs ··were kelp · growt hs (Macrocys t is and Nereocysti s) 
visually or photograph i cally located , and scuba dives . Fail ure to 
obtain materi'a·l in the grab after repeated ctosings was not taken as 
indicative of sol id bot tom . 
· Scatter plots of the fo llowi ng parameters were drawn on the 
computer: the · mean versus deviation , l st skewness, 2nd skewness, and 
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kurtosis; devi ation · versus l st skewness; lst versus 2nd skewness; 
and lst and 2nd· skewness versus kurtos i s . Two sets ·of these plots 
were made . · The first set conta i ned plots of all samples and dif-
. ferentiated only between beach and· offshore material, and the second 
set· contai ned · plots of · on ly of fshore samples northeast of a line 
joining the two · major outcrops of Monterey shale· and differentiated 
them· on · a· bas i s of depth ·i nterva l . Insuffic i ent correlation was noted 
to jostify· numeri ca l studi es or cu rve f itti ng . Those scatter plots 
not used in the text are i ncluded as Appendix F. 
C: DESCRIPTION OF SEDIMENT PARAMETER DISTRIBUTIONS 
Features common to all of the charts discussed in this section 
include the granodi ori te exposure along the ; ntire Monterey Peninsula 
coastline from Po i nt Pi nos to Monterey Harbor; the two Monterey shale 
outcrops in the extreme southern end of the bay and immediately outside 
the 30-fathom contour ; and a bed of sand dollars (Dendraster excentricus, 
Figure 3) extendi ng upcoast along the inner bay shore, north of Station 
248, at depths of 5 to 8 f athoms . The Peninsula coastline is spotted 
with pocket beaches of · coarse, locally derived sediment, and the 
textural parameters of sampl es coll ected immed i atel y of fshore from 
them were · general ly anoma l ous . Simi lar anomalies occurred around the 
shale outcr ops . 
1. Ph i Mean · Di ameter (Fi gu res 6 and 7) 
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describe the · class in t ervals as foll ows : 
Mcj> Descr i Qtion 
< - 8 Boulders 
- 8 to -6 Cobbles 
- 6 to -2 Pebbles 
- 2 to -1 Granul es 
- 1 to 0 Very coarse sand 
0 to 1 Coarse sand 
1 to 2 Medium sand 
2 to 3 Fine sand 
3 to 4 Very fi ne sand 
4 to 8 Silt 
> 8 Clay 
a . Off shore 
The norma lly anticipated pattern of· nearshore grada t i on from 
coarser material on and near t he beach to finer material beyond the 
limits of wave ac tion is in general apparent, although there are many 
perturbations of this genera l pa t tern. Immedi ately off the coast of 
Fort Ord, coarse sand i n and just ou ts ide the surf zone grades into 
finer materi al · in· t he sand dol lar bed. Outside of the sand do l lar 
zone , and runn i ng para l lel to the beac h along the 10 fathom line, is 
a second zone of· coarse ma t eria l. Several samples in the coarse 
patches con t ai n well-polished grains in the granule and pebble range . 
Seaward of t his belt there ·is a normal gradat i on of decreasi ng mean 
size wi th · increas ing· depth; very f i ne sands containing up t o 40% si lt 
and clay extend f rom 25 fathoms seaward . Samples from the area north 
of the · chart ·indi cated that t he sand dol lar bed ends near t he northern 
border of For t · Ord. · From there to :Moss Landing this fine-coarse-fi ne 
grain stze di str i bution does · no t exis t , and gradattan ·is stead il y toward 
finer sizes in an offs hore direction from the beach. 
South of the southern end of the sand dol lar bed the med i um 
and coarse sands extend seaward in a lobate shape to depths of 25 
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fathoms . They are here bounded by fine s~nd ~o the north and west. 
Immediately east of the ·large shale outcrop in the southern end of 
the bay~ a tongue ·of fi ne sand stretches toward the sand dollar bed 
but fatls ·to cut· off the neck·· of· the medium and coarse lobe. The 
medium· and coarse· sands continue · to ·the south along the beach just 
outside- the -surf· zone, but do not· extend southwest· of the shale 
outcropping . 
Near the· southern end of the bay much of the sediment is very 
fine sand . The harbor itself is covered with very fine, black, muddy 
sand with many included pieces of both shale and granodiorite. The 
nearshore zone along the Peninsula is bordered by fine sands which 
include large amounts of broken shell . Medium sands extend northeast 
from Point Pinos and from some of the pocket beaches . An area of fine 
sand extends westward in depths of 25 to 35 fathoms at least as far 
as a line running directly· north from Point Pinos . In the area of 
medium sand near the· Point the sediment is heavily charged with shell 
fragments and worm tubes, and the most westerly samples contain very 
little- terrigenous material . Shoreward of this ·medium sand zone the 
bottom· is composed of the granodiorite exposures, pitted by pockets 
filled with calcareous debris . 
b.. Beaches 
The general grain size pattern along the beaches of the 
inner coast shows a gradation from very coarse sand in the north to 
fine sand in and near the harbor. The coastal sands of Fort Ord are 
· very coarse, with negative mean phi values for most of the in-water 
samples . There is a very rapid decrease in mean size, and a similarly 
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rapid change i n t he nature of variati on across t he beach profile, about 
600 to 700 yards south of the sou t hern Fort Ord border (Figure 6) . To 
the north of th i s area the samples ta ken from the mean water l i ne are , 
with few excepti ons, much finer than the sampl es taken in the water . 
·To the south, the MWL and in~water samples are comparable in s i ze, and 
there is very l i ttle change of mean s ize across t he beach; i n about 
half of the sect ions, the MWL sample is coarser t han the one from the 
water. The zone of compositi on change lies i mmediately seaward of the 
highest dunes al onq the entire beach, and about 700 to 800 yards nort h 
of the area i n wh ich the dunes grow rap idly in he ight and in land extent . 
A second and less noti ceable change of composition occurs in 
the southern end of the bay, at the most souther ly extent of t he dunes. 
In-water samples t oward the harbor from t his poin t show wide anomalies 
in size from one station to t he next, bei ng a1ternately fine and med i um . 
All MWL sampl es, however~ are f ine and si milar to each other , although 
finer than· al1 sampl es to the north. Constructi on al ong the southern-
most beaches and i n the harbor has undoubtedly· caused alteration of the 
sands in th i s area ~ · The beach sand between the piers in the harbor i s 
fine . The long con tinuous sand beach of the inner bay ends at t he 
granod iorite outcrop ·near Fis herman's Wharf and the Peninsul a pocket 
beaches of coarse, l ocal ly deri ved sand extend f rom there northwestward . 
The· dune sands behind the inner bay beaches show little mean 
size variation alongshore. The range of values lies almost enti rely 
in the medium· sand class . The dune sands are much finer than t hose of 
their bordering beaches in the northeastern sector, but downcoast of 
the area of rap id beach sand s ize change they are comparable to , and 





dunes · is -clearly different ·from that of· the present beach sands in the 
major dune ·· fieid area, where the dune sands are reddish and extremely 
dusty. · Further south, the dune sands are ·more simi 1 ar in appearance 
to their adjoining · beaches ·~ although they still contain a significant 
amount of· dusty material . The southern dunes are much less consolidated 
than in the northern ones . 
2. Phi Deviation (Figures 8 and 9) 
An · arbitrary scale of ·deviation values was used to provide class 
intervals ·as · follows: 
a 
> 1.0 
0 . 5 to 1. 0 





Other class limits were experimented with · for · contouring, but appeared 
to produce -less -meaningful patterns on the charts. 
a. Offshore 
Zonation in ·the deviation values occurs in the sand dollar 
bed off Fort Ord in the same approximate area as that of the means. 
Sands show good sorting in the bed, fair sorting in the patches of 
coarse material to seaward,and good sorting further to sea. The zone 
of good sorting extends · downcast southwest of the Fort Ord border in 
two lobes ·, one adjacent to the beach and one in about 15-20 fathoms. 
The seaward lobe ends about BOO yards northeast orthe nearshore 
shale outcrop, and · the strip along the beach· grades into fairly sorted 
material about Boo· yards south of the border. An additional patch of 
good sorting extends seaward to a depth of about· 45 fathoms immediately 
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PHI DEVIATION (0) 
area occupied by very fi"ne sands . Fu rther to sea and in the area of 
fine sands ·bordering· the ·Peni ns ula, ·sorting is generally poor. 
Anomalous areas occur along t he· Peninsula coast, with alter-
nating patches of· good sorting off of roc ky a~as and poor sorting 
off· of pocket· beaches . · Areas of · very ·poor · sorting , with phi deviation 
valaes as hi gh as · 1.73 offshore and 2.21 in the-harbor, occur between 
the two · shaleoutcropp i ngs, i n the coarsest patches of the coarse belt 
outside the sand dollar bed, in· the harbor itself and in the extreme 
southern end of the bay, and at one station near the beach about 1,500 
yards · southwest· of· the· Fort Ord border . Two i so lated ·patches of good 
so~ting · occur around· the shal lower ·shale · outc~op . One runs along the 
beach and the· other · ext ends wes tward from the shale to · the breakwater. 
The remainder of · the.- bay; i ·.e., most of the southwest porti on, is 
covered by fairly· sorted sedi ment . 
b. Beaches 
Almos t al l of the beach · sands fall within the fa ir rcr ting 
category, al though isolated samples show good so rting. A 700 to 800 
yard stri p centered about 300 yards south of t he Fort Ord border con-
ta i ned poorly sorted sand in the in-water samples. The MWL samples in 
th i s location did · not show the same longshore mi ·n.ofmum of sorting quality 
when compared with samples to the north and south . In general, the 
MWL samples were better sorted than the in-water samples, al though the 
di fference in sorti ng coeffi cient between two samples on a profile was 
seldom greater than 0.2 ¢. The MWL samp les at the southern end of the 
bay showed longshore continu ity of the sorting values, but some of the 
in-water samples in this ·area were anoma lous. Sorting quality of the 
granodiorite sands on the nort h s i de of Fi sherman• s Wharf i n the harbor 





Dune sands showed a wide variation in sorting values between 
adjacent samples, although the majority of values indicated fair to 
poor sor t i ng . The values for the nor thern dunes were somewhat higher 
than those for the southern ones~ and several dune samples downcoast 
from Robe r t •s Lake showed sorti ng coef ficients in the good class. 
While by no means -a conti nuous trend, the dunes tend to be better 
sorted toward· the south . This is due at least in part to a smaller 
amount of i ncluded fi ne materi al . 
3. First· Ph i -skewness (Figures 10 and 11) 
Th i s parameter gives a normalized measure of the skewness of 
the central porti on of a sample•s frequency distribution. An arbi-
trary qualitati ve scale was set up with two classes on either side of 
the symmetri cal · value of · a = 0.0. 
a 
< -0 . 1 0 
-0 . 10 to o. 0 





Li ghtly positive 
Heavily positive 
A negative value i ndtcates skewnes~ t.oward coarse sizes, and a positive 
value shows skewness toward finer materi al . Patterns of skewness are 
less well developed than· those of either mean or· deviation . 
A. Offs hore 
An area of sediments of·· nearly symmetrical grain-size 
distributi on occupi es most of the southern end of the bay . Immediately 
east of· the nearshore shale outcrop the skewness values tend to be 
slightly negative, and to the west and north they are slightly positive. 
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1st PHI SKEWNESS (o) 
within most of the Fort Ord area ; the .values change to heavily nega-
tive southwest· of- the Fort Ord border and adjacen t to the coast . 
Seaward of this relatively thi n strip the sands are positively skewed, 
and heavy· skewness toward the fines · occurs in water as shall ow as 
5 to· 6 fathoms · i n· the· Fort Ord area. The area of very positively 
skewed materi al extends west and northwest from the beach, encircling 
the nearly symmetrical sands in the bay end and extending down along 
the peninsu la coast . The harbor and the area between it and t he 
~earshore shale outcrop are also covered by sediments with values of 
a greater than +0 .10. 
· Anomalous areas of very negative skewness occur in scattered 
locations throughout· the bay. Three samples i ns ide of the 12-fathom 
curve off Fort ·ord· show this characteris tic, as do two sampl es inside 
the· 10-fathom line and 500 to 1 ,000 yards south of the Fort Ord border. 
One· sample· at· 4o· fathoms just seaward of the deeper rock outcrop is very 
negatively skewed , as are many sampl es off· of the pocket beaches along 
the Peninsula, and several arou nd the shallow shale outcrop and i n 
the harbor~ The negative val ues i n these latter locations were due 
to the presence of larger rock fragments . The sands north of Point 
Pinos are slightly positively skewed, as are several samples in about 
35 fathoms of water near the Fort Ord border . 
These patterns only roughly corres pond to those of the mean 
· and deviation . Some ~onation parall el to shore (here from negative 
to positive skewness with increasing depth) is shown along the eastern 
shore, and a lobe of slightly negative skewness occurs in about the same 
- . 
area as that of the lobe of medium sand to the northeast of the shallow 







have anomalous · values, and the · fine sands offshore display skewness 
toward the fine si de of the di stri bution as · expected . 
b. ·Beaches 
The . skewness di stri bution· of the beaches is extremely 
i rregular~ ·· Virtuall y· no cons i stency is · shown either along or across 
the beach, and rap i d changes f rom very positive to· very negative skew-
ness in both directions are common . The only area with any continuity 
is a soo~ya rd stri p centered about 700 yards south of the Fort Ord 
border . The sands i n this zone are very negatively skewed. This 
1 ocati on · i s j ust sou~.h of the high dune area where sands rapidly 
become finer · to the south , 
Dune sands· are si mi larl y inconsistent in their skewness values, 
with a range of - 0. 33 to +0. 21. There is a slight tendency for more 
negative· than pos i t i ve values of skewness, particularly in the southern 
dunes ~ The southern dune sands appear to be somewhat less skewed than 
the northern ones . 
4. Second Ph i Skewness (Figures 12 and 13) 
Th i s i s a non-normal i zed parameter which emphasizes skewness of 
the tails of the · sampl e frequency distribution . The negative values, 
representi ng skewness toward coarse sizes, were divided into three 
class interva1s· wi th l imi ts ·of 0 to ~0 . 20, -0 . 20 to -0 . 40~ ~nd less 
than ~o ~ 40 ~ Pos i t ive values, representing skewness toward fine size, 
were placed i nto f our i ntervals: 0 to 0. 20, 0. 20 to 0. 40, 0.40 to 
1.00, and over 1. 00 . The total range of values was from -1 .85 to 
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2nd PHI SKEWNESS (ex") 
a. Offshore 
In general, samples east of a line connecting the two shale 
outcroppings and in water shallower than 20 fathoms are negatively 
skewed~ - and deep water and peninsular samples are· positively skewed . 
Off Fort Ord the patches of coarse bottom seaward of the sand dollar 
bed show quite positive skewness. A lobe of slightly positive values 
extends southwest and then towards shore about 2,000 yards south of 
the Fort Ord border. Skewness values in the sand dollar bed vary from 
slightly to extremely negative, in a very patchy pattern . Very nega-
tively skewed areas are found about a mile inside the Fort Ord boundary 
straddling the 10-fathom line, at three isolated spots along the beach 
to the south, directly off one pocket beach on the Peninsula, and in 
several locations near and between the two shale patches. Small and 
medium negative skewness values are found northeast of Point Pinos, off 
the pocket beaches along the Peninsula, inside the harbor, and shore-
ward and to the northeast of the large shale outcrop. 
The very fine · sands offshore have extremely positive skewness 
values. Slightly and moderately positive values extend shoreward toward 
the southern tip of the bay into about 25 fathoms, around Point Pinos 
to the west, and south along· the Peninsula in an almost continuous 
strip to the harbor and the shale exposure . Values in and around the 
outer harbor are quite positive . 
In general, second skewness shows a much wider range of values 
than first skewness, although a comparison between the two charts shows 
a fairly· good correlation between areas of large and- small, positive 
and negative skewness . In almost all areas the tail skewness appears 
to be in the same direction as that of the central portion of the 
50 
distributi on. The general outline of pa tterns corresponds quite well 
to that of mean · di ameters . In some cases·, comparis on of these two 
paramet ers· can be di agnos tic in environmental differentiation. 
b. Beaches 
As wi th · first· skewness, values are extremely inconsistent 
in all · directi ons, except wi th in the 500-yard strip centered 700 yards 
downcoas t · from the Fort Ord border, where skewness values are 
extremely negative. There i s a somewhat better correl at i on between 
values across the beach prof ile i n the south, where a majority of 
values are moderately negati ve, than i n the north where over half of 
·the profil es show a reversal of sign between the in-water and MWL 
samples . Along the coast, most of the MWL samples show moderately 
negative skewness and none show more t han very slight ly positive values . 
The in-water· samples · show much more diversity, with a range of values 
from - .95 to 1.17 . 
Dune samples are also diversely skewed . Sampl es in a strip 
of beach extendi ng from 1 ,000 yards south of the Fort Ord border to 
· 4,000 yards north of it are in general more skewed than other samples 
i n both the pos itive and negati ve directions . There are an approxi-
mately equal number of positively and negatively skewed sampl es, and no 
extens ive areas of similar val ues or sign . 
5. Phi · Kurtosis (Figures 14 and 15) 
Kurtosi s (8 ) is basically a measure of the spread of the tails 
of the distribution . 8 = 0. 65 i s the value fo r a normal curve. Values 
grea ter than 0. 65 denote a wider range of sed iment sizes in the tails 
than i n the central par t of the distri bution . The five classes contoured. 
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PHI KURTOSIS (_a) 
a. Offshore 
On ly in very limited areas and in occasi onal indiv i dual 
samples is the value of kurtosis less than 0.65 (l eptokurti c or peaked 
distribution ) . These areas i nc lude a port ion of t he coarse patches 
outside the· sand dollar beds, and an extensi on of the southern patch 
south of the For t Ord border. This extens ion runs for 1 ,000 yards 
along t he · lO-fathom curve ·· and t hen turns shoreward to conti nue immedi-
ately off the beach· for another 2,500 yards downcoast . Two pocket 
beaches· along· the· Pen insula also show l ow kurtos is values, as do 
patches in the harbor and immediately nor th and south of the nearshore 
shale outcrop·. - Kartosi s· values along t he eastern bay coast are i n 
general on ly slightly higher than those of a normal distribution , and 
there i s· some evi dence of· zonati on paral l el i ng t he shorel i ne. There 
is a· patch · with values l ess t han 1.00 nor thwest of the nearshore shale 
outcrop~ one· shoreward· of it which extends a short dis t ance upcoast, 
and another nor th and east of-Point Pinos . 
· The· entire offshore area has excepti onal ly large kurtosi s values, 
indicati ve of sed imen t conta in ing an extremely l arge variety of particle 
sizes in the t ail s. The mai n areas of a va lues greater th an 1. 00 
extend f rom the 10-fat hom curve off of Fort Ord to sea , and southwest 
around the l ower bay and along the coas t of the penins ul a. Anomal ously 
high · values (max imum of 3.28) occur around' t he nearshore shale outcropping, 
and the · outer harbor· and extreme south bay al so show very pla tyku r tic 
(flat ) di stributions . 
In general, the kurtos is patterns are roughly simi l ar to those 
of the· other paramete rs, indicating a di f ferentiat i on of envi ronments 




are spotty, particularly· in the nearshore, but do- show fairly good 
continuity with i n· the deli neated regions . This parameter can be 
diagnostic · of· anomalous areas of deposition, and the values near the 
shale · outcrops are partieularly ,relevant · in indicati ng the wide 
vari ety· of sediment sizes, from mud to chunks of rock, typical of 
this area . 
b. Beaches 
The majori ty of the beach sands ·have fairly low kurtosis 
values; perhaps half of the samples are leptokurtic. A j,b90-yard 
long strip of beach centered a similar distance, ~or~h of the Fort Ord 
border, and the · preyiously noted 500-yard long strip located 700 yards 
south of it, show extremely low kurtosis values. On the northern 
·· ' . 
.. 
beac·hes the MWL sample has·, in general, a wider spread of the tai.lS<c· 
than the in:...water samples . In the south this trend is apparently 
reversed, thoug·h ~here are m·any exceptions . Very platykurtic samples, 
with -values ot B: greater than 1.00, occurred i~ one in-water sample 
in the extreme southern end of the bay, and in two MWL samples about 
1,000 yards north and ·south of the Fort Ord border . 
the dune sands generally have values of .kurtosis similar to 
those o~ the active beaches, with a great deal of longshore variation. 
About half· of the dune samples are leptokurtic, with values as low as 
0.36 . Two dune · samples, one near Robert 1s-· Lake and th.e other about 
1,000 yards · i ns i de For t Ord, had values greater than 1.0. The northern 
dune field shows · slightly larger average kurtosis values than the 
southern dunes, but · both have a s imilar range . 
55 
6. Add iti ona l Seafloor Characteristics 
-a. Offshore 
The southern Monterey Bay· area can· be roughly divided into 
three sub~areas on the· basis of sediment color~ shel l content, and 
amount -- of· heavy· minerals . -Anomalo.I,Js regions occur within each of these 
areas and around·· the rock exposures, but do not mask the basi c simi-
larities within and differences between the regimes . 
The sediments along the Monterey Pen insula, southwest of a 1ine 
joining the two shale outcrops, have a very hi gh shell content, 
particularly in size f racti ons larger th~n 2 ~ - These samples are 
greyish white ·_in color in depths shallower than 20 fathoms, and become 
darker grey with increasing di stance from shore . Kelp beds extend 
along the entire coast northwest of the breakwater i~ depths up to 50 
feet, and continuous fathograms of the nearshore zone i nd i cate an 
extremely rugged bottom . rhese sands are predominantly subangular and 
poorly polished. They contain only very small amounts of heavy -mi nerals, 
almost-all of which are in sizes smaller t han 2 ~- -- There is little 
materi al in the fine fraction; most of that noted during anal ysis con-
sisted .of· ground · up · shell frag men ts . · west of approximately 12i 0 55 1 
West, in- the regiori shal lower than 30 fathoms, the bottom is al~ost 
entirely covered by-shel l mater ial, much of which is calcareously 
cemented polychaete tubes_. In deeper water· the sarid is greyish-brown, 
still contains · much fragmented shell, and g_rades into typically off-
shore grey~green muds at about· 45 fath oms . The sands along this coast 
show much · l ocal variability, indicating t ha t there has been little inter-
mixing among · the· lo~ally and· recently der ived sands . Scuba dives in 
this area- inside of the· 10-fathom line revealed the presence of extensive 





~ - . -
Northeast of the _sha 1 e outcroppi ngs, and at depths decreasing 
from 30· fathoms i n· the south to about 15 fathoms · of~ Fort Ord, the sands 
are · y~11owish br own- i n-color, subrounded, and fairly well polished . The 
depth zonation of· the · textu ral patterns · is considered to be indicative 
of· both ·· longshore transport and depth gradation . These sands have a 
fairly low organi c and shell content and most size classes appear to 
have a similar mi neralogical composition . Heavy mineral~ occur primarily 
in the fraction smaller than · 3 ¢,although micaceous flakes are common 
in sizes up · to 1. 5 ¢ ~ The sand dollar ~ed is characterized by grey~sh , 
sands with a much higher percentag_e of mica and other heavy minerals 
than the surrounding areas . These sands are poorly polished and do not 
- in general exh i bit· the iron-stained color otherwise characteristic of 
this entire region . -Th is belt· contains very little material coarser 
than 1 ¢~ The sand dollars i n the bed are numerous and deDsely packed; 
~ . . . 
it was ··not · uncommon to· obtai n· 8 to · lo · of them, and no san-d, .in a grab. 
Along · most· of this length of beach the bed commences immediately outside 
the surf··zone, which · in the Fort Ord area is w-ider and more turbulent 
thaQ to either the north or south . 
· · The zone of coarse material outs i de the sand-dollar bed may not 
be conti nuous . There are at least two well .... defined patches of very 
coarse sands on the 10-fathom curve, one about 1,000 yards inside of 
Fort Ord and the other directly off Stilwell Hall . Sample 160, from 
the more southerly patch, was examined in detail . This very coarse 
sample conta i ned rounded, highly polished sed i-ment-; primarily quartzitic 
but with much jasper, chaicedony, and metamorphic· sediment . It also 
contaihed-i ncreas i ngly large percentages of mica with decreasing size 
fractions smaller than 2 ¢. Yellow sands comparable in mean size to 
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those i n the sand dollar bed continue seaward around the coarse 
patches . The lobe· of medium sand· i n depths to 25 f athoms j ust south-
west of the-Fort· Ord border (Figure 7) · is similar i n color and composi-
tion to the clean yellow sands near t he beach . 
The third · ma jor regi me includes the offshore , dark grey-green 
very fine sands · and muds . These samples are generally sticky and 
charged with su lfide-producing bacteria. The muds become darker with 
increasing depth · and sulfide content (Gal l iher, 1932) . This type of 
sediment occurs ou tside the 25-fathom contour i n the east, bu t does 
not extend shal l ower than· 30 f athoms in the west and south. The 
majority of samples from this area conta i ned living benthic organisms, 
primarily polychaetes and brittle stars . Two cores taken approximately 
three · miles north of Station P3 indicated a th oroug hly mi xed sediment 
with no layering to a depth of at l east 26 inches (core length ) . A 
marked break in the na ture of offshore sediments occurs abou t 1 mi le 
north of Stati on P3. In this area the percent of sand-sized parti cles 
in the sampl es decreased from over 65% to under 7% in a latera l off -
shore distance of half a mile . This appears to represent the seaward 
limit of sand~si zed sedi ments in the sou thern bay , and · occurs i n a 
depth of approx ima t ely 250 fe et. 
· The nearshore sha 1 e outcrop was ex ami ned in some de ta i1 during 
scuba dives . · · The shoreward porti on outcrops beyond clean, medium sand 
in about 25 to 30 f eet of water . Dives at different times of t he year 
have · indicated· t ha t · th_e depth at the · nearshore edge varies from about 
17 to · 25 · feet~ · with · some sand lappi ng 6~er the shale i n places for an 
additional 5 feet of depth. The shal e layers di p to the northwest at 






of 50 feet, and are ledged and pi tted by· the· action of burrowing 
clams, sea urch i ns, and other benthic organisms . The dive at Station 
280 revea l ed· that· the offshore por t i ons of the shale outcrop are at 
least partially covered by unconsolidated material . Within a 50-yard 
radius th i s di ve located areas of bottom characterized by flat mud 
patches~ medi um-s i zed sand wi th 1.5 foot long, 3 inch high ripples 
with rounded 5 to 6 em shale cobbles in the · troughs, and angular chunks 
of broken · Monterey shale, as well as solid rock exposures . This same 
divers i ty i n a smal l area was also noted at the extreme westward edge 
of the outcrop, near Stati ons 42 and 43 . Organic detritus (leaves, 
wood, shell) was obta i ned i n many of the grabs on this outcrop . The 
presence of decayi ng organ i c materi al i s considered to be indicative 
of an essent i ally non -depositional environment and slow currents. It 
is noted that Galliher in 1932 repor ted exposed rock material, though 
in lesser extent than here i n noted, at both of the areas specified by 
this study . The fact that the material of these outcrops is shale 
places the contact plane of the shale and granodiorite very near the 
present Pen i nsula shorel i ne . 
Between the shall ower shale outcrop and the harbor, bottom 
materi als · are simi lar i n appearance to offshore sediments, i .e., 
dark grey and muddy . Army Cor ps of Eng i neers probi ngs have indicated 
that the sands · i n th i s area are generally only 2 to 3 feet thick and 
are under lai n by shal e. The organ i c detri tus and rock fragments of 
these sediments are very hi gh . Di ves i n and around the harbor 
revealed a muddy bottom wi th l i ttle indication of sediment motion, 
plus · much l i tter · and detri tus . Longshore sand transport and currents 
which might · otherwi se occu r past the harbor area have been precluded 
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by the Coast Guard breakwater on the no r thwest· and wooden bulkhead 
on the · southeast·. · The· harbormas ter (verbal commun i cati on ) has 
described a· case · of rapi d· l ocal scour of the sediment s to bedrock 
in an area in which a portion of the pi er siding was carried away 
during a storm . · A simil ar· scour has been noted in the ch annel to 
the marina · in the inner harbor9 between Fi sherman' s Wharf and the 
extension to Wharf No . 2. Th i s is apparently a tida l scour . Inside 
the mari na the surface sed iments are as muddy as those in 40 fathoms . 
b. Beaches 
The most no t iceabl e l ongshore variation on the beaches is 
the decrease of mean sand size and of average dune height from the 
north to the south . Beac hes are also consi derable steeper i n the 
north, due primaril y t o the heav ier normal wave cond i t i ons and coarser 
sand. All of the beaches respond rapidly to variations in wave prop-
erties, and marked changes in bo th profile and sand character occur 
diurnally as well as seasonally . The enti re beach is littered with 
kelp and flotsam . 
Only to the sou t h of Stations 99 t o 101 are any sediments 
larger than sand sizes found on the i nner bay beaches . This Section 
.is located immediately south of a concrete-rubble seawall, about 500 
yards south · of the area of rapid dune si ze increase . The entire area 
of beach from this point to t he harbor i s li ttered wi t h material in 
the granu1e and cobble sizes . Wh ile these pa r ticles are concentrated ·· 
on the surface· along t he hi gh water li ne, they are also found buri ed 
throughout the · area of active beach and the surf zone . Most of these 
partic1es are well- rounded Monterey shale fragments which show evidence 







some fairly well-rounded pi eces of granodiorite and of metamorphic 
rocks . These occur i n much smaller quantities than the shale pieces, 
and fragments of · granod i orite are i nfrequent . Not a single particle 
of natural ori gi n coarser than sand was found anywhere north of the 
seawall . Inspection of the seawa ll · material, plus its recent date 
of constructi on, i ndicates that the pebbles and cobbles are not 
derived from it , except perhaps for some of· those in its immediate 
vicin i ty . 
Beach sands are yellow-brown and typically ironstained in the 
north, where gra i n si zes are large and the trafficability is poor. 
The sands at the harbor end of · the bay are greyer and quite firmly 
packed . Only very small percentages of heavy minerals were noted in 
any of· the beach sands, with the exception of a fair amount of biotite 
in the sands south of the secti on at Samples 99 to 101 . The most 
noticeable change in beach-sand characteristics occurs in a 500-yard 
strip centered around Samples 84 to 86 . This area appears to comprise 
the zone of trans i t i on between coarse and fine beach sands as well as 
the zone where the major dune fi eld star ts . 
D. CORRELATION OF PARAMETERS 
Interrelationships between parameters were sought objectively 
by computer and subjecti vely by compari son of patterns on contour 
charts ~ The si gn ificance of various interrelations has been discussed 
by numerous · investi gators both theoretically and in· application to 
.specific environments (e. g. , Inman, 1953; Sundborg, 1956; and Hails, 
1967) . · Ei ght of · the most · cornmon·ly di scerned correlations were investi-
gated· ; n- this . study . 
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1. Scatter Pl ots (Appendix F and Figures 16 and 17) 
The pl ots of mean vers us deviation emphasize the rel atively 
narrow· limi ts within which most sort i ng values fell . No defi nite 
relati onships between these two parameters were f ound for any group of 
samples tested, altho ugh a slight · and very inconclusive minimum va l ue 
of deviation occurred near a mean diameter of 3 ~ . Beach samples show 
a slightly larger average deviat ion va lue t han do the underwater 
· samples; th i s is also a very t entative conclusi on and not stati stically 
significant ~ · A similar overall lack of correl ation occurred between 
mean and· both 1st and 2nd skewness. The re does appear t o be a tendency 
toward more pos itive 1st skewness wi th decreasing si ze at mean values 
smaller· than· 2 ~ . Second skewness does not show th i s re l ationsh i p with 
values of mean, but· has as m'any negati ve as positive val ues i n all 
grain si ze classes . 
A definite t endency for increasing ku r tos is values with 
decreasing · mean di ameter was · no ted. Pl ots of these parameters are 
included as Figures 16 and 17 . This relati onshi p appears most strongly 
in finer · grain sizes, and does no t appear to exis t f or beach samples of 
mean diameter l arger than about 1 ~ - The general t rend can best be 
explained· for this suite of samples by the presence of some material 
i n the coarse· s i zes in al l samples, with an increas i ng percentage of 
fine materi als and · inclus i on of-silts · and· clays i n the f ine sampl es . 
In addition ·, · the · extremely fine· samples with very high kurtosi s va l ues 
were commonly foun d· in anomalous regions , where significan t amounts of 
broken ·rock were .. found ' in very fine muds . The scatter plot by depth 
of samples · coll ected upcoast· from the shale outcrops indicates that 






decreasing mean size . This re1ationship is least well developed in 
the 10 to 20 fathom· interval . 
The addit i onal plots (Appendix F) indicated that there was 
virtually no relationship between · deviation and· lst skewness; kurtosis 
. and first ' skewness · likewise showed no apparent correlation, although 
the· plot of -water samples by depth suggested that samples with sym-
metrical values of · second skewness also have minimum kurtosis values 
This · association ··; s i nsufficiently shown to permit any conclusions to 
be drawn . 
First versus second skewness plots showed a much poorer rela-
tionship than had been anti ci pated . While the general trend indicated 
that positive and negative 1st skewness values were associated with 
positive and negative 2nd· skewness, respectively, a significant number 
of samples showed the ta ils and centers of their distributions to be 
oppositely skewed . · Thi s most frequently occurred in nearly symmetrical 
samples . A large number of both beach sands and offshore sediments 
from inside the 10-fathom contour showed this trait, which would indi-
cate the presence i n the sample of a few anomalously coarse grains and 
very-few fines, with · the bulk of the sample being finer than the mean 
value ~ Such · a· di stri buti on could indicate either locally derived 
material having a· pref erred -grain si ze determi ned by the size of 
resistant minerals i n the source rock, or a lag deposit of a very few 
large ·grains i n an area· of active transport· and sorting . Examination 
of the char ts i ndicates that the second interpretation is more likely 
to be correct in ·this " suite, as · the majority of the offshore samples 
occur in the sand dollar bed . The small absolute skewness values asso-
ciated with the · samples invol ved indicates ·that the validity of this 
conclus i on is · dub i ous . 
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There is an overall lack of correl ation among all sampl es 
and parameters. This may be ind icative of the presence of more than 
one depositional, or non-deposit ional, environment in t he area . 
Relationships typical of previously studi ed and reported environments 
were lacking, so that a potentia l conclus i on is t hat there is a 
complex pattern of transporta tion, diffus i on, deposition, and scour 
in the southern bay . Correla tions unfortuna tely became no clearer 
when the beach samples and the anomal ous regions along t he Pen insula 
and near th~ : rock outcroppings were excl uded from cons i deration , and 
when correlation was attempted by depth i nterval . Th is wou ld seem 
to indicate that even t he basically sandy and open area of the bay, 
which shows a zonal ba ded pattern of sed iment characteristics that are 
parallel to the coas t, is locall y complex and that patterns of 
parameters in key areas of the coastline may be more indica tive of 
geomorphologica l controls in the southern bay than are t he genera l 
overall trends ~ 
2. Subjective Comparison 
Even though there are no general parametri c i nterrel at ionships 
which exist throughou t the area , simi l arity of pa tterns of several 
parameters in localized areas can l ead to identifi cation of regions 
of environmenta l similarity. The analys i s of values wi t hin these 
areas can, when supp lemented by adequate sub j ective knowledge of the 
region, indicate the nature of transportation and deposi tion within 
the suite of samples . Areas mos t easily identi fi able and frequen tly 
most · diagnostic are those wh i ch show anomalous values for most or 
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The most readily apparent examples of this are two pocket 
beaches on the Peninsula, centered 900 and 2,400 yards northwest of 
the harbor breakwater . The northern has medium sand and the southern 
very fine sand of fshore . Both show poor sorting with a leptokurtic 
distributi on, i nd i cati ng that the sediment ·is composed of a large 
range of sizes but that each si ze class present is well represented. 
Both areas also show central (lst) skewness toward the coarser sizes 
in an area otherwi se characteri zed by skewness toward fines; the 
poorly represented ta il s show a variety of skewness values, ranging 
from sl i ghtly positive to very negative . The remainder of the area 
immediately offshore f rom the Peninsula is characterized by material 
in a size range between that of the two beaches. The overall area 
also shows better so r t i ng and poorer kurtosis (i.e . , a greater number 
of the sizes present compri se a smaller portion of the total sample). 
Both central and tai l skewness of the general area are toward the 
fines . These contrasti ng characteristics between areas offshore 
from pocket beaches and the rema i nder of the Peninsula nearshore are 
indicative of sediments formed locally by shoreline and bottom 
erosion, and of of fshore motion wi th little longshore transport . 
The similarity of· characteri stics along the majority of the 
Peninsula i nd i ca t es a sl i ght southeastward movement of fine material 
in water deeper· than about 20 f athoms . 
The sand-doll ar bed and the patches of coarse material 
offshore from i t are reflected i n the patterns of all the parameters. 
The· sur f acti on i s extremely heavy along the Fort Ord beaches, and 
poss i bly the bes t explanati on for the anomalous zonation is that the 
presence of the densely packed sand dollars has a strong effect on 
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the hydromorpholo~ical characteristi cs of the nearshore area . 
Specifically~ alignment of the l iving sand dollars which protrude 
vertically out of the sand, plus their mean spacing, may determi ne 
that partic les in the fine sand range are most hydrodynamically 
stable . Fine sands thus remain i n place while both coarser and 
finer materials ar~ t ransported seaward and towards the steep, 
narrow beaches. Coarse, highly pol is hed beach material mi~ ht easily 
be transported acros s this zone by the numerous and strong rip cells 
which are characteristic of the area. The coarse materi al which 
accumulated outs ide of the sand dol lar bed could be kept free of 
fines by the turbulent water motions outside the surf zone. It is 
possible that the coarse patches represent recent sediments, although 
their proximity to the active beach, roundness and high polish of 
the grains, and mineralogical simil ari ty to the rema i nder of the 
beach sands argue in favor of a recent origin. 
Immediatel y south of the sand do llar bed is the area where 
dune height and extent change most rapidly and where the beach sands 
show their rapid size changes , poorest sorting, and most negative 
skewness. rt is also in th is area tha t the lobe of medium-sized 
sand extends to sea . While the correlation between parameters in 
this area is far from perfect (figures 7, 9, and 13), there is some 
indication that this area i s a nodal zone, or at least a transitional 
region between depos i tional envi ronments . The patterns i n the area 
show two opposing trends of sediment transport: alongshore and on-
offshore . The· alongshore trend is well exemplified by the extension 
of fair sorti ng and nearly symmetrical tails as well as small kurtosis 









mass of sediment) in the down coast direction, from northeast to 
southwest . In the onshore-offshore direction, the sediments in the 
medium sand class extend seaward from the beach, and sorting improves 
from very poor near the beach to good in about 20 fathoms. The lst 
skewness of the offshore samples in this region is very slightly 
toward the coarse, although Figure 10 shows that these samples are 
nearly symmetrical. Nearshore samples, however, are quite negatively 
skewed, indicating that the coarsest material does not participate 
in the qeneral offshore movement . 
Sorting worsens considerably i n this area outside of 20 
fathoms, and becomes very poor northwest of the lobe of medium sands. 
Decreasing skewness, the increasinq and then decreasing degree of 
sorting, and the uniformity of mean size characteristics to seaward 
within the lobe combine to indicate an offshore direction of trans-
port . Material thus appears · to be brought into the area from the 
north, and some downcoast transport appears to occur in water depths 
as great as 20 fathoms. The degree of sorting decreases rapidly 
beyond · this depth and in the area between the shale outcrops, 
probably due to decreased water motion and increased depth, with 
the consequent settling out of fines . The increasing amount of fine 
material with depth in this region is indicated by both skewness and 
mean diameter patterns . The platykurtic, well to fairly sorted, 
negatively skewed finger of fine sands extending northeast from the 
nearshore shale outcropping, is an i ndication that transport into 
this region also occurs from the south . Offshore motion in a 
relatively narrow area appears to remove any excess material into 
deeper water . 
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The shale outcrops are located northwest and sou thwest of 
the confluence and offshore transport area (Fi gure 7) . Exposed rock 
and associated kelp growths are common in rocky nearshore areas along 
the California coastline, where current and wave scour keep the exposures 
uncovered. The granodi orite exposures offs hore from the Peninsula 
are of this type. The shale exposures, however, are more i ndicative 
of lack of sediment supply and depos iti on t han of scour. Both are 
located within the wave sh adow of the Peninsula in areas of fairly 
fine sediments, and the nearshore exposure is pi tted with both 
occupied and vacan t holes of cl ams and urchins. The sed ime nt pat-
terns and visual evidence from scuba dives would i ndicate that the 
minor amounts of material whi ch may be deposited on the outcrops are 
soon removed, and that longshore transpor t and lack of sedi ment 
supply are the primary reasons for t he continued exposure . The 
depth of· the offshore shale outcrop and the surrounding fin e sands 
would indicate that lack of sediment supply i s the predominant reason 
for its existence . 
The area in and near the harbor i s basical ly characterized 
by fine and very f ine sands and muds which are very nositi vely 
skewed and fairly poorl y to poor ly sorted. Prob in~s by the Army 
Corps of Engineers have shown that the sediment layer i n th is area 
is thin. The shallow and mu ddy nature of the ma terial indi cate 
that most deposit i on i s by t he sett l ing of fi nes in quiet water 
rather than by ac tive transport of bottom material . There is 
apparently barely suffici ent wa ter motion over t he sha l e bed to 
prevent settlin~ of t he fine s onto i t, and t o insure t heir transport 







While sampling was not continued to the west and south of 
Point Pinos, the presence of fairly poorly· sorted, positively skewed, 
fine and medium sands north of the Point indicates the possibility 
of some transport around it in depths of 30 to 50 fathoms (Trask, 
1955). The remainder of the offshore area is covered with sticky 
muds which are well mixed by benthic organisms and contain a fairly 
high percentage of fine sand sizes . The gradation into muds with 
negligible amounts of sand si zed material a mile seaward of the 
investigated region, and the proximity of the Monterey Submarine 
Canyon and the consequently narrow shelf, lead this writer to discard 
Shepard 1 S (1963) suggestion of an offshore source of sands for the 
southern bay region . 
Textural parameter patterns along the beaches of the inner 
bay indicate a southwestward decrease of sediment size and a nodal 
point in transportation about 700 yards south· of the southern Fort 
Ord border . With the -~xception of the general decrease in size of 
the southern beach sands toward the harbor, parameters showed a 
greater variation between adjacent samples than in any general 
direction. · There is some evidence (Sayles, 1966) · that prior to 
the construction of the breakwater and the wharf bulkhead, granodio-
ritic sands exerted an influence on the area to the east of the 
harbor; or at· least that unrestricted flow through the presently 
blockaded area caused slightly different patterns of sedime~t 
transport along the beaches . 
Dune sands -may· be similarly divided into northern and southern 
types, the divi ding point being located at approximately the same 
location as on the beaches . The northern dunes are much larger, 
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dustier, and more consolidated than the southern ones, and show a 
much greater departure from the character of their adjoining beaches. 
While both · dune fiel ds are active , the high seacl i f f s along and 
just south of Fort Ord are apparently composed of somewhat more 
ancient material · t han · the southern dunes. 
E. CONCLUSIONS 
Based on t his analys is of sediment patterns and parameters, 
and with the reinforcement of the reconnaissance heavy minera l studies 
referenced earlier, the following tentative conclusions may be reached 
regarding sediment trans portation mechanisms and direct ions. 
As discerned sol ely from thi s method of anal ys i s, patterns 
are diagramatically shown in Figure 18. Evidence which tends to 
veri fy these conclus ions is presented i n later sections . 
1. The southern bay sediments may be classified into five 
district subregions on the basis of depositional environmen t: 
a. The- Pen insular region of granodioritic sands and shell 
fragments, characterized by locally deri ved sediments and very little 
act i ve transportation or deposit ion. 
b. The sandy east coast region·, characterized by predominantly 
southward longshore trans port with heavy wave ac tion and much near-
shore sediment diffusion. 
c. The essential ly non-depos i t i onal reg ion in the southern 
end of the bay, with slow wa ter movemen t s and anomal ous pa tterns of 
bottom type. Thi s region extends northwest from the nears hore shale 
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FROM C.S G. S . 5403 
d. The confluence regi on or nodal area northeast of the 
nearshore shale ou t crop, characteri zed by the convergence of long-
shore transport from both north and south and by some offsh ore 
movement. 
· e. The offshor e region , charact er ized by grey-green muddy 
sands and si lts, with l ittl e ac t i ve sedimen t movement . 
2. · A southward longshore cur ren t, caused primar i ly by wave 
action, norma l ly fl ows along t he eas tern bay shore. This current 
does not continue into the lowe~ end of t he bay , but· turns seaward 
just south of the -Fort Ord border where i t i s met by a weak cyclonic 
gyre which predomi nates al ong t he Peni nsula and in t he southern bay . 
3. Wave action and ri p cel l s strong ly i nfluence l ocal sediment 
distribution along the eastern shore, and the sand dollars exert an 
important stabili zi ng control on fine sands in the Fort Ord area . 
· 4. Beaches · show constant mi nera logi cal composi tion along the 
enti re eastern shore wi th decreasi ng sediment moti on and si zes 
toward the south. Dunes are la rger and older in t he northern portion 
of the area , and con tain mat eri al in size ranges satis factory for 







III . SEASONAL VARIATIONS 
A. DATA COLLECTION AND ANALYSIS 
This section of the thesis is not intended to be a detailed study 
of the causes and nature of variability. It is designed to provide a 
quick look at some of the longer period fluctuations of beach charac-
teristics so that they can be distinguished from net long-term 
modifications . Seasonal changes can provide clues to the nature and 
relative magnitude of morphological forces, with particular respect 
to longshore transport . 
Subjective appraisals of the changing conditions through a 
yearly cycle were obtained from sand companies and from long-time 
residents of the area . Quanti tative data were available in the form 
of time series beach sand samples from two locations . No precise 
information was available on variations in the offshore area, though 
dives and scattered reports have indicated significant sediment move-
ment during winter storms in depths as great as 100 feet. 
The northern set of samples was taken by Mr . J . P. Barbier 
at the Lapis Plant of Pac i fic Cement and Aggregates (P.C.A., a 
division of the Lone Star Cement Corporation) . This plant is located 
along an open section of coast approximately 4,700 yards south of 
the · Salinas River mouth (Figure 2) . Beach sands in this area are 
generally coarse . Samples were taken by hand just shoreward of the 
waterline at a depth of appr oximately 10 inches below the beach 
surf ace . The state of the surf and tide were noted and most of the 
samples were taken at the same time of day . Samples were size 
anal yzed by P.C.A. i n a st ack of 10 sieves from -1 .75 ¢ to 2.75 ¢. 
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Two time seri es of samples were avail able, one f rom· 26 January to 
11 July 1962, and t he second f rom 17 November 1964 to 7 June 1965. 
The sou t hern sample set was t aken at the Prattco Pl ant of 
P.C.A. (Figure 2) . It .extends from 5 May 1966 through 26 Ju ly 1968 . 
The Prattco Plant i s located about 300 yards south of t he southern 
Fort Ord border ; t he dragline scraper i s j us t north of Station 72, 
in the area of extremely coarse sands . Thes e samples were obtained 
from the conveyor belt which ru ns f rom t he beach t o the process i ng 
plant, and thus consist of materi al removed from the su rf zone by 
the dragline scraper . They were si ze anal yzed by P.C.A. in a stac k 
of 6 sieves from -1 . 25 ¢to 4. 25 ¢. 
Phi paramet ers were obtai ned from cumulat ive weight and 
percent values by t he same me thod tha t was us ed for the quasi-
synoptic· sample set , and were plotted as time series . A modifi ed 
and compressed set of the time seri es plots which were used for 
analysis is presen t ed as Figu res 19 t hrou gh 22. A t ota l of 319 
samples were avail able; 173 f rom Prat tco , 99 f rom Lapis for 1964-
196Q, and 47 from Lapis for 1962. A summary of phi percent ile and 
parameter va l ues fo r these samples is· i ncl uded as Appendix G in the 
belief that they may be extremely valuab l e for use by ot hers i n mor~ 
detailed time-vari at io analyses . Ga ps of over two weeks between 
samples are noted on the graphs by dott ed li nes. 
B. QUALITATIVE REPORTS 
The beaches fo l l ow the typi cal yearly cyc le of summer f ill and 
winter cut commonl y observed on the Pac ifi c Coast (e .g . , Bascom, 
1954) . Beach profiles are steeper du r ing t he win t er months of high 




period. On this annual vari ation is superimposed an extremely rapid 
diurnal response to wave conditions (Koehr and Rohrbough, 1964; 
Harlett, 1967) . This short-term response can be of larger magnitude 
than the total yearly variation. Short-term changes have been studied 
in detail only in the southern portions of the bay, but are reported 
to occur along ·the entire beach . Berms ordinarily disappear entirely 
in the winter on most of the Fort Ord beaches, and seawalls have been 
erected at several locations to prevent additional winter erosion. 
Infrequent severe winter storms exert perhaps the largest erosive 
forces in the area, and, historical ly, several have been of sufficient 
magnitude to cause major cutting of the seacliffs and to significantly 
modify the equilibrium profile of the beaches (Bixby, 1962) . 
The major seasonal change that has been noted by the sand 
companies is a significant decrease both in mean sand sizes and in 
overall availability of coarse material during the summer months. 
In winter a combination of beach and· the finer dune sands (about 50 
percent of each) i s used to meet size specifications for concrete 
sands. In the · summer months, beach sand alone can often be used and 
it is frequently too fine for concrete~ even -when uncut . · The period 
of fine sand has · been stated to last from about July through September. 
It purportedly commences a few weeks earlier· and ends somewhat later 
at the more southerly min i ng locations than at the operations 
adjacent· to the southern For t Ord border and in Marina . The locations 
north of Fort Ord do not show· the same magnitude of· yearly change as 
do those to the south . Two of the three companies south of Fort Ord 
have reported diggi ng enti rel y through the unconsolidated surface 
sediment and hitting a muddy, redd i sh hardpan duri ng summer months; 
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in most years, dragl ine operations must be suspended for at least a 
few weeks during July and Augus t . 
The same hardpan as has been struck by the mining operations 
was exposed on the Naval Postgraduate School beach by severe storm 
waves in December ·l967 . This beach is locat ed about a mile north-
east of the harbor . The hardpan was noted to be dark reddish-brown 
in color, and to contai n material ra nging in size from clay through 
medium sand (a detail ed si ze anal ysi s was not run ). This storm also 
eroded the low dunes (10 to 30 feet hi gh) behind the beach for a 
distance inland of about 15 to 20 feet. · It is notable that while 
erosion in the· southern part of t he bay due to th i s storm was 
considered extremely large fo r t he area, and much storm damage was 
done along the Pen insula, li ttle seacliff erosion occurred along 
the beaches furthe r north in the area of the· major dune fiel ds. 
Sand company personnel have indicated that the last storm which 
caused significant erosion al ong their beaches occurred in 1961. 
A scuba dive on the Navy beach immediately after the December 
1967 storm revealed that the shal e outcropping described in Section 
II commenced at a depth of 17 feet. Thi s· was consi dered remarkable 
in light of· the immense volumes of sand whi ch had been added to 
the beach by eros ion, and the fact that the-entire active beach 
adjacent to the· outcrop had been removed by the waves. The exposed 
portion· of the sha le bed continued seaward at least to a depth of 
35 feet. Although smal l amounts of sand were present in the sea 
urchin and clam holes, there was no ev idence of the massive amounts 
of material which had been removed f rom the beaches . The beaches 
began to fill soon after the storm, and were almost back to their 
78 
. -· 




- •. : 
.. -
·-
normal levels by March . · Unfortunately, the movement of this sand 
was not traced so· it· is not known for certain if the sink for the 
eroded sand also acted as a source for · the fill . Size analysis of 
this beach prior to and after the storm indicated that the old and 
new sands were ·in the same size class . 
The operators of P. C.A. •s Prattco plant (Mr . T. Roberts and 
Mr. F. Dimaggio), which is located in the area of· the coarsest sand 
noted duri ng the quasi-synoptic survey, have indicated that the 
norma l seasonal variations of their beach have become less predictable 
in recent years . For the past two or three years, while material is 
still finer than normal f rom July through September, anomalous condi-
tions of fine material occur at other times of the year, and 
temporari ly coarse sands have occasionally appeared during the summer 
months . They also stated that the sand usually becomes fine for a 
few days immediately after major winter storms, and then returns to 
its normal coarseness . A similar· condition of· fine followed by 
coarse sands was noted at the Marine mining· locations with reference 
to periods immediately after opening· of the mouth -- of the sa·linas River. 
The hi gh dune· area located a thousand yards south of the Fort 
Ord border was used as a dump by the city of Monterey until approxi-
mately 1952 . Si nce th is time, seacliff erosion has caused a 
cons i derab 1 e amount of glass and other detritus ·- to· be p 1 aced on the 
active beach ~ -This material is · dragged from the surf zone by sand 
compan i es both north and south of the dump . · The Prattco operators 
indicated that· they got more of this material when the sand was 
coarse than when it was fine, although some is obtained in the bucket 
throughout the year . Seaweed, particularly ground-up sea lettuce 
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(Ulva linza) creates a serious problem by clogging scal ping screens 
during some portions of the year . This prob lem usua lly occu rs when 
the beach sands are fine. Large amounts of Macrocystis and 
Nereocystis are received on t he beaches after severe storms. The 
operators also stated that when the Prattco dragl i ne is operating 
24 hours a day, very littl e coa rse sand i s obtained by t he two 
companies situated 900 yards to t he south , regard l ess of beach 
conditions · at the time. 
The genera l seasonal · trends i nd icated duri ng all in terviews 
with sand company personnel i nc lude a signifi cant decrease in 
available amoun t s of coarse-s ized sand during the summer months, and 
the normal longshore decrease in the mean size from· nor t h to south. 
It may be signi f ican t t hat the mining companies south of Fort Ord 
are all located in the area in or immediately north of t he transi-
tion zone noted during the area survey . Sand min i ng operat ions have 
been located in th is area for over 60 years. The recent decrease of 
predictability of sand sizes by exper ienced operators may be an 
indication o~ altered patterns· of · l ongshore motion. - It has been 
suggested that t he addition of· the bulkhead to Wharf No. 2 in the harbor 
(completed in -1961 ) , and the pos sibl e consequent minor alteration 
in water flow in· the southern bay, could have a sl ow , l ong- term 
effect on sediment transport tha t has on ly recently begun to be 
noticeable . The repo rt ed patterns of occurrence of de t r itus from 
the eroding dump and from offshore , and l ongshore changes in the 
availability of coarse sands, indicate that sh ift i ng and di spersion 
of sand on the beaches and in the nearshore area may be as important 






and coarse-s i zed sand avai lab i l i ty . The recent storm cut and fill 
of the Na y .. beach pr esents some evi dence that sand transport occurs 
i n both upcoast and downcoas t direct i ons on most of the beaches, 
and that the di rect i on of t ranspor t is highly dependent on wave 
cond i t i ons . 
C. TIME SERIES 
1. ap i s Sampl es (Fi gures 19 and 20) 
These samples were ta ken above the high water line at a depth 
of 10 i nches . They may therefore be considered representative of the 
mater ial i n act ive mot i on dur i ng the previous period of high tide. 
The two seri es, 1962 and 1964-1965, show somewhat different short-
term patterns , but a simi la r seasonal trend . The characteristics 
most immed iately di scernab1e from examination ·· of the time series 
charts are that day t o day or weekly variations are comparable in 
magnitude to the entire yearly range, and that all parameters vary 
with i n f airly narrow l imi t s . The mean and median si zes, for example, 
all fall i n the very coarse and coar se sand classes , Almost all 
sorti ng values li e between a = 0,5 and a= 1.0 (fairly poor sorting); 
most samples are f airly positi vely skewed, with second skewness values 
larger · than t hose of ls t skewness . Th i s latter· characteristic may be 
due both to t he non-normal i ty of 2nd skewness and to the presence of 
comparatively l ong t ails i n the di stri butions . 
The general pattern of both years ' seri es is that of very 
sl i ghtly decreasi ng mean si ze from wi nter· th rough spring . Unfortu-
nately, bot h ser i es stop at the beginni ng of summer when the size 
change is reported t o occur o The few earl y summer samples do indicate 
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of November and early December, 1964 . The mean (or median) and skew-
ness values ·show· opposing patterns of cha nge, coarser samples being 
skewed toward the fines , finer sampl es toward the coarse . This does 
not hold fo r all samples but is rela ted to the periodic peaks in the 
time series, and there are excepti ons even to th i s limited statement. 
For examp1e, in t he 1964-1965 series, of the two peaks of coarse 
material near the end of March , the first shows very positive skew-
ness, the second slightly negative skewness . In general, ls t and 
2nd skewness have simi lar signs ; a f ew exceptions were noted in 
nearly symmetri ca l samples . Kurtosis · and deviation show opposing 
trends, although both have a narrow range of values . The opposing 
variations can probably be ac counted for by the definition of 
kurtosis, which involves the value of deviation, so that nearly 
normal samples will show a direct dependency (inverse proportionality) 
between these two parameters. 
Severa l interesting correlations appeared when time lags were 
imposed upon the series. The most prominent example i s a 6-day lag 
of variations of · mean size· behind those o~ skewness, . and a similar 
6-day lag of kurtosis behind mean, in the 1962 samples . Thi s type 
of pattern i nd i ca tes an influx of an increasingl y coarse (or 
decreasing ly fine) tai l , followed by an i ncreasi ngly coarse mean 
size, followed next by a greater spread of th e t ails of the di stribu-
tion, at 6-day intervals . Such a pattern would i nd i cate periodic 
influxes of coarse and fine sands wi t h a 12 or 13 day periodicity . 
Unfortunately, th is pattern was not nea rly so wel l shown in t he 1964-
1965 samples, and insuffic i ent time was available to perform detailed 
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generally followed Mr. Barbier 1 s qualitati ve observations of sea 
conditions, coarse~ sands -- correspondi ng to -rougher seas. Detailed 
correlation was not attempted, but there is apparently a definite 
size change -which · occurs in response to wave conditions on this beach 
as on the southern beaches. 
One pattern believed to be of significance was the variation 
of textural parameters in relat i on to periods when the Salinas River 
mouth was open to the sea . The mouth was open (controlled by the 
Monterey County Flood Control District) and samples were being taken 
from 12 February through approximately 20 March 1962, and from 18 
January through 1 April, and 14 Apri l to about 10 May 1965 . 
Mr. Barbier, who took the sand samples at t apis, commented on the 
appearance of a wide, muddy swash extending seaward from the river 
mouth for several days after it is first opened . The effect of this 
input of fines is apparent on the time series plots by a decrease in 
mean sand sizes which lasts for a few days after the initial break-
through . This was shown in all three instances for which records 
were available. The beach material then becomes coarser, and 
generally remains coarse during the rest of the time that the river 
is open . Apparently the initial flush clears the ponded Salinas 
River mouth of a summer 1 s accumulation of settled fines. The volume 
of this material is considerably larger than that in the bar, which 
is washed out for a width of 20 to 150 feet . 
A comparison of the two time series (Figures 19 and 20) shows 
that the sands of 1962 were somewhat finer, with about the same 
degree of sorting but more positive skewness, than those of the same 
dates in 1964-1965. The closest agreement between the two years 
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occurred when the river was open in bo t h cases; the worst when the 
river was open i n 1964-1965 (coarse mate r ia l) bu t cl osed in 1962 
(finer material) . Differences were par t i cu l arly pronounced in March 
and April, when the 1964-1 965 sampl es were approximately a full phi 
size coarser than t he 1962 sampl es. Di f ferences i n other parameters 
are not nearly so pronounced. The beach sands of t he t wo years 
appear to approach similar dynamic states as i nd icat ed by nearly 
identical parameters with the onset of summer condi tions . While 
the presence of t he open river presently appears t o be the most 
important factor in causing t he differences between years, fu r ther 
analysis would be required t o consider in detail t he ef fec ts of 
yearly variations in wind and waves . 
2. Prattco Samples (Figures 21 and 22) 
These samples were t aken from t he conveyor bel t wh ich 
handles materi al dragged f rom the act i ve surf zone . They may 
therefore be cons i dered fair ly represen ta t ive of t he surface material 
under dynami c movement by the act i on of the surf and nears hore 
currents. The pl ant operators i ndi ca t ed t hat t he dragline bucket 
cou l d be hauled · in every 50 seconds to 1 mi nute i n moderate surf, 
and that in th i s l ength of t ime the t rough it had created below the 
water line by the previous drag wou ld be near ly filled in . Because 
of the rad i cally di fferent nature of sampli ng procedures used, the 
Prattco and Lapi s samples are not comparable, except perhaps fo r 
general trends . In addition , di stance f rom the river precl udes 
direct compari son of Prattco grain s ize va l ues wi t h river discharge 
data . · These sampl es are somewh at unrepresenta tive of the total range 





backwash into the dredge hole and to the fact that mining, and hence 
sampl ing, was not done on days when the sands were noted to be very 
fine . On the other hand, th i s sampling method is not subject to 
any personal bias , and does sample the material in dynamic motion 
i n the surf zone . 
The overall patterns are very similar to those at Lapis . 
General ly poo ly sorted coa se sand is found, having a small overall 
range of sizes and a sl i ght tendency for positive skewness . Diurnal 
vari at i ons a e at least as large as the overall seasonal changes. 
Very l i ttle correlati on i s noted between any combinations of parame-
ters, except for the expected similarity in sign of skewness of 
centers and ta il s of the di stribution, and the necessary agreement 
between med i an and mean . In this set of samples, lst skewness 
general ly has as large a value as 2nd skewness. This i ndicates that 
the ta i ls of the di stri bution are cut off and that the ~ differences 
between the 95th and 84th percentil es, and between the 5th and 16th 
percentil es, are small . Th i s f eature could be due to the sampling 
procedure, or ·to the use of· such a .small number of screens for size 
analys i s . 
The seasonal variations· show a very slight tendency toward a 
mi nimum mean si ze i n the months of July, August, and September, in 
agreement with the qual i tative appraisal . That this is not better 
shown i s probably due to the lack of dragging duri ng periods of fine 
sand . Deviati on shows sli ghtly smaller values during winter and 
spri ng (November through March) than du ring summer and fall. Skew-
ness shows very slightly more pos iti ve val ues in summer, although 
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peaked distribution, with little material in the t ai ls. Al l of these 
variations of characteristics are qu ite subdued in thi s seri es of 
very similar samples . The conc lusion t hat can be drawn is that in 
spite of variations in the intensity of mining t he supply of sand 
to this location is qu ite uniform in nature , and t hat the response 
of the beach is primarily to present wave conditions. 
It ·i s notable that an immediate response t o the storm of 
the first week of December 1967 i s shown (Fi gure 22). The most 
apparent feature is a spike of very positi ve skewness·, indi cating 
an input of· quite fine materi al. Thi s spike is fo l lowed by skewness 
values slightly toward the coarse as a local max imum i n mean size 
occurred around t he beginning and middle of January 1968. Unfortu-
nately, sampling was· not done around the end of December, so that 
the complete effect of the storm cannot be determined. The qualita-
tive report of fine r material immedi ately after th e storm, fo l lowed 
by increasingly coarse material; does appear to be substan tiated. 
This could be caused by addi ti on t o the beach of eroded ma terial from 
the · dunes, with t he fine porti on of the dune mater ial being wi nnowed 
out and taken to sea by wave action over a period of a week or two 
while the beaches were being graded. 
The overall trend of t he Prattco textural parameters appears 
to parallel that of the Lapi s sampl es and t o agree with subjective 
analysis. A more rigorous and detailed long-term sampling program 
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D. CONCLUSIONS 
On the basis of· both subjective and objective analysis, the 
apparent patterns of sediment size variation are as follows: 
1. The overall seasonal trend is toward the presence of fine 
sands on the beaches from late June through September. The beach 
material becomes coarser with the advent of winter storms. 
2. There is a significantly smaller amount of sand motion in 
the nearshore zone during the summer than during the winter, so that 
mining operations are capable of removing sand faster than it is 
replaced by diffusion during the summer season. 
3. South of Fort Ord the fine sands appear sooner and last 
longer as the distance south of the border increases. The seasonal 
variations are more pronounced in and to the north of the zone of 
marked · sand transition, than in the area to the south . 
4. Diurnal and other short-term variations are at least of the 
same order of magnitude as long-term variations. This condition 
exists on all beaches. 
5. There i s a definite indication that river outflow and large 
winter storms cause beach material to be finer than normal for a 
short period . This is due to the initial influx of river-borne silts 
and dusty material from the dunes. 
6. There i s a less definite indication that after the initial 
period of f i nes, beach sands become coarser than normal, due to input 
of coarse mater ial by the ri ver and winnowing out of fines by the 
heavy waves assoc i ated with the major storms . 
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7. The beach sands sampl ed show rapid fluctua t ions of the 
textural parameters-within fai rl y narrow ranges. They are generally 
coarse or very coarse, fairl y poor ly sor ted , and very sl igh tly 
skewed toward t he f ines . 
8. The par amet ers indicate t hat the body of the beach sands 
fall within ·a very na r row range of sizes; there are al most no 
exceptionally large grains , bu t some fi ne material is always present 
despite the heavy wave acti on. This coul d be an i nd ication of 
fairly frequent i nputs of fi ne material from offs hore or f rom the 
dunes. 
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IV . SEDIMENT BUDGET CONSIDERATIONS 
A. GENERAL J2.c..\') (\ 1) \j.-rq lc.rrno.r) 
The term budget implies a continuity condition; gains and losses 
must reach an overall b nc , or discrepancies must be accounted 
for by progradation or cutting. The previous sections of this study 
have described the present patterns of distribution at one closed j 
end of the cell, and have attempted to discern the nature of geomor-
phological forces in this area simply by noting the results of these 
processes . 
This section considers the means by which sand may be moved 
within, added to, or lost from the cell. The background material 
and literature for this tyoe of approach are primarily laboratory 
and theoretical studies of natural transport processes: wind, 
river transport, littoral drift, etc. There have been very few 
applications of this basic information to produce budgets for 
soecific geographical locations. In the few instances where this 
has been done, a concerted effort has been made by the investigators 
to collect a large body· of data, over a fairly long time period, and 
of a type specifically designed to provide quantitative values for 
the parameters in the theoretically or laboratory derived formulae. 
Some adQitional st udies have ~veloped empirical formulae for the 
pr ocesses in the specific areas studied. Perhaps the most 
and successful attempt to date to tie all of these factors 
was the Point Arguello sand budget study by Bowen and 
This particular study must of necessity adopt a different 
approach . Both key data and time are missing so that a thorough study 
93 
of each credi t and debit to t he budget , i nd i viduall y and in detail, 
is not poss i ble. It has ins tead been necessary t o· infer the most 
probable areas and fo rces of impor tance , and to concent rate on 
these. From the results obtai ned by t he i ni tial area survey and 
indicated i n the previous sections , estimates of t he maqn i tudes of 
the various forces were made ; these estimates were then modified on 
the basis of examination of al l ava ilabl e data; f inall y , improved 
~stimates were made on the bas is bot h of continu i ty and of the data 
analysis. Bett er known and better documented processes were evaluated 
first, and values arrived at for these were used t o as si st in 
estimates pf the ot hers . 
Th~grinc i p le of conti nu i ty, or balance of input s and outputs, 
was used in arriv i nq at f i na l val ues , particularly for t he more poorly 
documented processes. It must be emphas i zed that t his method can lead 
to gross inaccuracies. It i s intended onl y to prov ide a very rouqh 
first estimate, and from thi s to ma ke recommendat ions for future study 
in areas-- both geograph i c and academic -- · which appear most promising 
of producing more refined resu lts . 
. The processes and thei r associa t ed· credi ts and debi ts are herein 
presented in somewhat random order . Conclusions and quanti tati ve 
estimates are der i ved i ndependently for each process so that t he 
reaqer, as well as the author, may synthesi ze the avai l abl e information 
in what apoears t o be the most l oqical manner. Th i s form of presenta-
tion has the further advantage of isola ti ng errors and forc ibl y 
revealing inconsi stencies when the concl uding synthesi s is attempted. 
Throughou t this section, all vol umes are present ed as cub 'c 
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estimate_?_, a pure quartz sand with a porosity of 35 percent has been 
assumed. · This assumption a~rees well with values -for sand produced 
by the mining concerns on the bay. The conversion· from weight to 
volume becomes, for a quartz specific gravity of 2.65, 
X X x 65% solid material 




27 ft 3 
yd3 
--
o 2900 lb quartz sand (app. roximately). 
cubic yard 
B. WAVES AND LONGSHORE TRANSPORT 
The areal and seasonal patterns described in Sections II and III 
indicated that differential longshore transport and dispersion were of 
primary importance in establishing and maintaining patterns of sedi-
ment characteristics in southern Monterey Bay . Sufficient data were 
available to permit a fairly rapid computer analysis of this problem 
and to yield numerical results for transport volumes at five locations 
along the eastern bay shore. The method used by Bowen and Inman 
(1966), which computes sediment transport on the · ~asis of the longshore~ · 
component of wave power; was chosen as the most· directly applicable to ~! 
this area. 
1. Waves ~ 
Wave · data are presented by National Marine Consultants (N.M.C., 
1960) for seven deep-water stations off the California coast. This ·s 
hindcasted data~erived from we ther~ap naJy~ s 
three xears. li_ is broken_down into primary categ 
averaged over 
sea and 
swell. Each of these categories is further broken-=d~~j~ eq_uency 
p~rcentage of occurrence by month, wave direction (22.5° segments, 
~eported as direction from which the waves arrive), period, and 
( ) ~ ~) 
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t' 
' located · directly off Monterey Bay, an arithmetic average was taken 
of 'values for the two stations located equidi stantly to the north and 
south (N.M.C . Stations 3 and 4). The N.M.C~ naper reported each train 
of swell separately, so that in many months the total frequency percent 
for this componen t was well over 100 percent. Wind wave data at a 
station always to taled 100 percent, inc luding calm periods. 
For the purpose of computing the longshore component of wave 
...._ -
power, the wind wave and swe 1J components of JJ~~ n.er~ wer::e -ari th-
meticall summed .' Th i s rocedure may yield results with overly large 
! otal magnitudes, but is the only means available for_tepr~ting 
the multitude of wave trains which are si multaneously present during 
consistent with the theory and forecas · 
techn'igue QD which the wavE da ta were based . Th is resulted in total 
tim~ percentage values ranging from approxima tel y 180 percent (e.g., 
wind waves present 70 percent of the time, swell from the northwest 
·5o percent, swell from the west present 40 percent, swell from the west-
northwest 10 percent of the ti me) to well over 220 percent of the time 
in a month . These percentages actually represent 100 percent of the 
tota1 hindcasted wave energy arrivi ng i n deep water offshore during 
the month in question. 
The IJ.[])eri ca 1 data _i.r:Ldi cate t nat waves~l'ri ve p_r.ed.om.inantl,'i. 
t-northwest and northwes t with periods of 7 to 13 seconds . 
-- -...... 
Unfortunately, the N. M.C. information is not complete; there are three 
unconsidered wave sources wh ich are of major importance, and on occasion 
dominant, in the bay. Since t he hindcast data is based on synoptic 
meteorological da ta from the North Pacific, it does not consider local 
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bay winds. These can create large waves in the bay, and have very~~ 
infrequently given rise to storms of great local significance, as__) 
indicated by Bixby (1962). Local storms involve rirnarily_north 
winds, with a consequent maximum fetch _in the ~ay of about 20 
----
nautical miles .. Their predominant direction of travel and shallow-
water· characteristics indicate that they generally cause greatly 
increased longshore transport to the south along the entire coast-
line . These are a predominantly __ winte eature. 
( :1) ~ The second group of waves are local wind waves which are 
generated by the diurnal sea breeze that commonly occurs in the ~ ~~-1•i(..N,.£.; s-ee. -::;... ~& 
afternoon in the summer and fall. These waves arrive from the G~~ ~ ~ 
northwest with periods of 4 to 6 s~conds and s~g~i~~caAt dee~ water 
wave heights up to 4_feet. They cannot be hindcast from standard 
Weather Bureau synoptic weather maps because of their localized 
occurrence along the coast. 
c~) The third roup of waves not considered in the N.M.C. report 
are long period storm waves from the south, commonl refe~r~d to n 
the California coast as southerlY. swell. These are primarily a summer 
feature whose place of origin is located south of the area for which 
synoptic weather maps are available. These waves generally have long 
periods in the range of 13 to 20 or more seconds. The importance of 
their effect in the geomorphology of the California coastline has been 
frequently noted since at least the l940 1 s (e.g., Munk and Traylor, 
1947), although their precise origin-- Southern Hemisphere cyclonic 
winter disturbances or the tropical disturbances off Central America 
first revealed in detail by satellite photography -- is still in 




quite low at sea ~ wave periods are very long and refractive conditions 
in Monterey Bay are such that trains of southerly swell periodically 
cause high surf during otherwi se very calm seasons . It is believed 
l that these wave trains cause predominantly upcoast transport. 
the local wind waves nor t he long-period southerly swell can be 
quantitatively evalua t ed at the present time. 
~2. Longshore Transport 
Neither 
Two methods are available for estimatinq the effects of this 
important geomorphological process. The first, exemplified by Yancey 
(1968), is to assume t hat wa ves of one period and direction are dominant, 
and that a qualitative apprai sal of transport by examinati on of the 
refracted wave fronts for th is one component is sufficient to 
delineate areas of equili brium and zones of transport. A slight 
improvement on th is method was used by the Corps of Engineers (1959). 
That study used fairl y detai led wave-front refracti on diagrams for 
the southern end of t he bay and for several dominant periods and 
directions. The analysis, wh i l e qua l itative and based only on a 
subjective appraisal of the wave fro nts , was at least conducted in 
sufficient detail to permit some reasonab le conclusions to be drawn. 
e--,~ " ~ 
tha e Mo~terey Bay are~ as along much of the southern California 
The second metho~, and the one us ed in this report , is to ~e 
\..r c:"-1\. I,._., -----U-l!'-!.L' 
coastline the beaches respond very readily to changinq wave character-
Because of this, the entire spectrum of waves inc ident upon 
the coast is of · portance .iJLbui l ding and maintaining, or changing, 
r the beaches. It would therefo re appear natural that the l ongshore 
l component of wave power shou ld determine longshore sediment transport. 





formula for the longshore component of wave power can be derived: 
I 
Pe = E0 C0n0 ~~ sinab cosab.~ ) 
The equation is derived from a consideration of conservation of wave 
power between orthogonals . The meaning of the terms is shown in 
Figure 23 . The result, Pe' is in pounds·mass-foot/seconds 3 , where 
pounds·mass equals pounds force, or weight, divided by the accelera-
tion of gravity . 
Bowen and Inman (1966) used values of Pe to compute sand 
transport in the Point Arguello study by the formula: 
s(ft3J 
sec 
x lO~Pe (lb · mas~-ft] . cr 
-- sec 
They stated that this is a semi-empirical formula obtained by a 
best-fit of field and laboratory data, requiring a direct propor-
tionality of Sand Pe (i.e., linear least squares fit). The hydraulic} 
radius, porosity, and other dynamic sediment characteristic values and 
assumotions upon which this formula was based were not stated; 
therefore, the formula was simply adopted for use here on the basis 
tat a direct propor}ionality between Sand Pe should hold for Monterey 
Bay beaches . In addition, this study has a greater need for an indica-
tion of relative than of absolute magnitudes of transport, so that 
virtually any linear relationship is satisfactory . 
The transport volumes and direction are obviously dependent 
upon wave refraction as well as deep water wave conditions. Values of 
Kb =j ~~ J 
~ and ab for five stations along the eastern bay coast were obtained from 
Lcontoured graphs developed by Professor W. C. Thompson of the Naval 
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Assume conse rvation o f energy (E) 
(and powe r , P} between orth ogo nal& ... 
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Postgraduate School . These graphs are included in this report as 
Appendix H. They were developed from the best refraction diagrams 
prepared over a period of years in a Coastal Oceanography course 
given at the Naval Postgraduate School. All were prepared by the wave 
refraction methods outl i ned in U.S. Navy Hydrographic Office Publica-
tion H.O . 234 . 
The latitude and longitude of the five coastal stations are 
noted on the contour charts of Kb and ab' and the locations are roughly 
indicated i n Fi gure 23 . All stations are located at the approximate 
outer edge of the surf zone for heaviest local surf, on the three-
fathom contour . Station 1 is in the sheltered southern end of the 
bay, inshore of the shale outcropping, about 2,100 yards northeast of 
the harbor . Station 2 i s located in the area of coarse sand 1,400 
yards north of the southern Fort Ord border . Stations 3 through 5 
are not within the area of quasi-synoptic sediment study, but may be 
described, respectively, as being 1 ,400 yards south of the northern 
Fort Ord border, 2,300 yards south of the Salinas River mouth (and 
2,000 yards north of the Lapis sand mining location}, and 3,000 yards 
south of El khorn Slough (about halfway between the Slough and the 
Salinas River mouth) . The stations are approximately equidistantly 
spaced, 5,300 yards apart . 
A simple computer program was developed to handle the routine 
though extremel y tedious computations of Pe. The formula shown in 
Figure 23 may be written: 
p = [l pgH 2] [.9l] l K2 . co.s {lb·mass·-ft} 
e 8 o 2TI 2 b Slnab ab sec3 · 
This was converted to total longshore component of wave energy per 
month by multipl ying the value of Pe by the number of seconds -in the 
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month of interest and by the t ime frequency percent from the N.M.C. 
-wave data. The l atter is a functi on of wave_di rection, period~and 
height, and the values differ from month to month. The fo rmu l a thus 
became: ~17 c e) r,.) J-f} 
Ee = Pe · time=~~~ H~ TKb sinab cosab · [percent] · [s~~~~~s]. 
This was computed for each month, deep water wave direction, height, 
and period by: 
Ee = e ¢ · PCT , where 
e = constant · e (wave period , directi on ) 
= (j~:} TKb si nab cosab 
¢ = ¢ (wave height , number of days in mon th ) = H~ · seconds 
PCT = PCT (d irection , period, height) = average time frequency 
percent for N. M.C. Stat i ons 3 and 4. 
Individua l va l ues were summed by breaker direct ion class to 
obtain monthly energy componen ts upcoas t or downcoast (left or right 
breaker angle, respectively) , and the net componen t per month was 
obtained for each station. The average yearly net values were also 
computed. These energy values are presented in Table 1. Values of 
sand transport were then simply tabulated from: 
s(CUbiC yardS}= 1.13 X 10- 4 
month Ee 27 leu . ft. J cu. yd. 
These values are presented as Table 2 and are di ag ramat ically shown for 
easier reading as Figure 24. 
It must be emphasized that the numerical values are not precise, 
due to the nature of the wave data and unknown hydrodynamic character-
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"LONGSHORE COMPONENT OF WAVE ENERGY 
E 107 [LB·M-FT) 
e x sec 2 J 
MAR APR MAY Jm!E JULY . AUG SEPT 
. 23 . 28 . 04 .00 . 01 
12 .05 9. 22 8.00 10 . 61 6.89 5.69 5.55 
u u u u u u u 
11 .82 8.94 7. 95 10 . 61 6.89 5. 69 5. 54 
117 .28 94 .30 88 . 57 145 .38 98 .89 79 . 41 64 .81 
42 . 84 50 . 91 20 . 76 5.85 l. 73 3.85 9.73 
D D D D ·o D D 
74 . 43 43 .39 67 .81 139 .53 97 . 16 75 .56 55 .09 
321 .18 247 .77 241 . 51 330.64 224 .18 188 .32 160.02 
73 . 71 90.25 14 . 74 3.63 .46 . 90 4. 28 
D D D D D D D 
247 .48 157 . 43 226 .77 327 . 01 223.72 187 .42 155 .74 
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D D D D D D D 
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D D u D 
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D D D D 
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D D D D 
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transport. In addi tion, the relative maqnitudes may be seri ously i n 
error because of the unavail ability of data for l oca l bay storm waves, 
the common sea breeze waves, and for long-period southerly swel l. It 
must also be noted that small changes in refraction calcul ations can 
yield large changes in computed net transport. This source of error 
may be emphas i zed in this region by the general dominance of rela-
tively few di rectional, height, and period components in t he calcul a-
tions for most months and stations. 
~ N.M .C. reported significant deep water wave heights (Hs or 
H113 ). Use of this height parameter in the energy formula emphasi zes 
the power of t he larger waves, which are of mos t importance in sedi-
ment transport . Bowen and Inman (1 966) used the root mean square 
height (Hrms) in their Point Arguello study. Since their empi rical 
sand transport formula uses power val ues derived from Hrms' H113 
yields val ues that are somewhat too large. Relative magnitudes of 
the values should not be significantly affected . 
3. Discussion 
If it is assumed that the transport values shown in Figure 24 
are representat ive of actual conditions, at least in relative mag nitude 
and direction , some reasonable conclusions may be drawn wh ich can later 
be modified by cons ideration of the unreported wave sources. From 
Figure 24 it i s read i ly apparent that the longshore transport increases 
greatly in magn itude from t he south to about the center of the cell, 
and then decreases slightly further north. Als o apparent i s that 
winter condi ti ons are predominantly characterized by shifting and 
variable sand movement, and summer by unidirectional l ongshore trans-




wave spectra present during winter . The result is that although the 
total energy incident upon the beach in winter is much greater than 
that in summer, the net longshore transport can be much less. It 
may be noted at this point that these quantitative trends agree with 
the conclusions of Secti on III, which were based on seasonal 
variability of sand characteri stics . 
Transport in ei ther di rection at Station 1 (Figure 24) is 
almost too small to compute using the available· rough approximations. 
This is to be anticipated because of i ts very sheltered location in 
the extreme southern end of the bay . It is of some significance that 
the dominant direction of transport throughout the year is to the 
north, or upcoast. Southern transport i s almost nonexistant under 
the given wave conditions . Even though monthly net magnitudes are 
small, values for this station agree with the others i n showing 
maximum total movement in winter, most unid i rect ional transport in 
summer, and a sign i f i cant mi nimum of activity in July, August, and 
September . 
Station 2 shows a greatly i ncreased activity, although this 
location also is apparentl y somewhat sheltered by the Peninsula . 
Of major importance i s that net t ransport at this station is strongly 
toward the south, oppos i te that at Station 1. This i s a definite 
indication of the presence of a nodal point of convergence between 
the two· stations . A s imilar f eature was reported by the Corps of 
Engineers (1959), on the bas i s of their subj ecti ve ana lys i s of wave-
crest refract i on diagrams . That study placed the nodal po i nt about 
two miles northeast of the ha rbor , i .e . , at the base of the lobe of 
medium sized sand extend i ng to sea which was descr i bed i n Secti on II . 
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This study corroborates th i s concl us i on and woul d place t he nodal point 
in approx imatel y· the same l ocation . 
The mon thly vari ati ons at th i s stati on are also of significance. 
They show defin ite· positive correl ati ons · between· periods of maximum 
directional variabi 1ity· of · t ransport and the appearance of coarse sands, 
and between mos t nearly uni directi onal t rans port and fine r sands . The 
relative maximum of · transport in Ju ne i s an i nteresting feature which 
is noted at all stations . There i s another maximum in March at all 
stations, and a somewhat sma ll er one in November at Stati ons 1 through 
4. Dominance of movement i n t hese mon ths had not been previously or 
otherwise noted . 
Station 3 shows the max imum net southerly t ransport of all 
locati ons analyzed, although Stati on 4 shows a greater total magnitude 
of wave power and diffusion. This is consi stent with a qu alitative 
appraisal of thei r locati ons i n relation to topography and bathymetry. 
Station 3 is located in an area~here t he beach is slightly concave 
toward the bay, and in an open area just south of the convex bulge of 
contours off the mouth of the Sal i nas Ri ver. Station 4 is l ocated on 
the southern flan k of this contour bu lge, near the river mouth, and 
therefore in an area of grea ter convergence of orthogonal s and more 
highly refracted wave crests . These stati ons al so show the definite 
pattern of· greater winter diffusion, and pr imari ly unidirectional 
transport in summer . Figure 24 i nd icates a net upcoast transport at 
Station 2 in December and January , no month with ne t upcoast transport 
at Station 3, and net northward movement in January and February at 







Station 5 shows a surprisingly large downcoast transport. 
It is located on the northern flank of the de1taic bulge, between the 
river and the canyon, so that a greater upcoast component of power 
would be anticipated . The sand transport at this station is apparently 
dominated by the· northwest and west-northwest waves which have been 
refracted across the broad shelf area off Santa Cruz, so that the 
small directional deviat i on of the bay shore here is not sufficient 
to cause significant turn i ng of the waves . The strong possibilit t~ 
of crossed orthogonals due to the presence of the canyon must not be 
- _./ 
neglected at Station 5. Addit i onal wave trains created by this 
process, and not included on the refraction diagrams, could conceivably 
be of sufficient magnitude to greatly alter the pattern described. 
The fact that the sand at Station 5 has a net southward move- ~ 
ment is of extreme importance to · the bay's sand budget, for it severe~ 
limits the amount of sediment lost down the main axis of Monterey 
Canyon at the northern end of the cell . The bulge around the mouth 
of the Salinas River can thus at least in part be considered to be a 
feature of recent deposition, and on the basis of longshore transport 
values it may be predicted that this portion of the shoreline will 
retain its present position or will prograde for some time to come. 
Beaches normally adjust rap i dly to compensate for changes in sediment 
supply. By reorienting, they cause a modification in longshore trans-
port and consequent alignment to a new equil i brium position . The 
Salinas Delta ~ - the upper several yards of which at least are an 
extremely young geological feature -- may thus be expected to show 
continued changes and probable growth . 
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Even a relati vely sma ll net northward transport at Station 5 
should be sufficient to rap id ly reduce the f an size . The rapidity 
of this reduction would be increased by the coincidence of the periodic 
river inputs with the season of maximum wave act ion and thus sediment 
motion on the beach . At the presen t t ime, significant transport to 
the north does occur during the wi nter months, although the annual net 
motion is toward the south. This indicates that river materi al may 
be carried initially both south and nor th when i t enters the bay; while 
some of it is therefore immed iately lost down the canyon, the reversed 
downcoast· transport· in summer prevents erosi on of the del ta flanks and 
is in fact sufficient to permit each year's ma terial to contribute to 
deltaic growt h. 
Yancey (1968) argues that presence of the delta is evidence of 
the location of the river mo uth in its presen t pos ition throughout 
most of the Pliocene and Ple is tocene . He further sugges ts that the 
Salinas Channel of t he Monterey Canyon, whi ch extends toward the 
river mouth, is of subaeri al origi n, postdates the fan, and therefore 
indicates that the fan is ol der than the last glacial sea-level 
lowering . The evidence he puts forth is purely subjective and is based 
upon bathymetry and physiography . Evi dence po inting away from his 
inferences and towards a more recent origi n of the Sa linas Delta and 
channel is ava ilabl e from compari son of the C. & G.S. smooth sheets 
from 1856 and 1933-1934, i . e. , before and after the Salinas River most 
recently changed its outfall f rom Elkhorn Slough to i ts present loca-
tion . There is definite evidence of the presence of a small delta 
on the 1856 su rvey; however , profil e comparisons indicate an extremely 






significant recent cutti ng of the Salinas Channel . This evidence is 
considered in more deta i l i n the next section of this report, where 
it is used to prov i de a quanti tat i ve evaluation of Salinas River 
sediment discharge . 
It must be ant i ci pated that the dominant direct i on of trans-
port reverses wi thin a short di stance north of Station 5. Qualita-
t i ve reports and f i eld stud i es near the mouth of the canyon (Davis, 
Harper, and Ne i sh, 1966) indi cate a definite movement toward the 
canyon head; t idal currents and j etties at Elkhorn Slough, plus the 
{~J nearshore proximi ty of· the canyon head, preclude present massive 
1 transport· past th i s area . Heavy mineral analysis (e .g. , Hutton, 1959, 
Sayles, 1966, and Yancey, 1968) provi des further evidence that the 
canyon is an eff ective separator of l i ttoral cells . A nodal point 
for divergent transpor t di rect i ons must therefore be located somewhere 
to the north of Stat i on 5. It i s significant that the annual upcoast 
transport at Station 4 is almost as large as the downcoast transport 
at Station 5. Th i s i s another indication of the primary role played 
by rapidly fluctuating transport di rections and shifting masses of 
materi al in the geomorphology of the sandy beaches i n this area . 
One piece of evidence wh i ch contradicts the assumption that 
transport· is reversed to the north of Stati on 5 is that the Corps of 
Engineers (1959) re orted an estimated 150,000 
t~ansport past the Moss Landing a~ea prior to the erection 
o · barriers . They i ndi cated that southward transport dominated along 
the entire i nner bay coast and cont i nuously decreased from the north 
into the Monterey Harbor area due to depletions from wind transport 
--- ·.... . 
and min i ng . The erect i on of the j ett i es at Moss Land i ng cut off this 
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flow at El khorn Sl ough. Recent· studi es· cast doubt upon t he validity 
of this magn i tude of transport past t he head of the canyon at any 
time . Refraction diagrams, the location of the canyon head, heavy 
mineral analyses and tidal · cu rrents i n t he area a1 1 argue against any 
such volume· of materi al · hav ing mov ed sou t hward across the proposed 
northern boundary of the li ttoral cell for any significant peri od 
of time. 
Cons i deration must be given, at least qu alitativel y, to the 
effects of the undocumented wave regimes . Both t he southerly swell 
and the bay wind storm waves must be severely refracted and di ffracted 
by the complex topography nea r the canyon and the Peninsu la, but ' 
observation and wave records have defin itel y verified that they both 
can occasional ly be of great l ocal signifi cance (Bixby, 1962) . Sea 
breeze waves have relativel y short peri ods . Thi s characteristic, 
plus their domi nant direction of approach (north es~ ) , would indicate 
that the result i ng transport from their longshore energy components 
is in the same direction as that of t he documented sources . 
Station 1 would obvi ously be more strongly affec ted by sea 
breeze wi nd waves and loca l bay storms t han by the southerl y swell . 
Refraction and diffraction is extreme ly severe for t he southerly wave 
trains at this st at i on, and values of both Kb and ab are extremely 
small . Local bay storms have thei r full f etch available fo r action 
on this area, but they are extremel y i nfrequent 9 occurri ng on ly once 
or twice a decade. While their action may be l ocally ca tastrophic for 
a short t ime, they may be disregarded du r ing most years . Station 2 
should simi l arly be more strongly affected by the l ocal waves than by 










' .. .  




" ~ .. 
' ·~.~ 
summer swell i s expected . From Stati ons 3 through 5 the comparative 
effects should be reversed, due to decreasing fetch for local wind 
waves and to decreased shel teri ng from the Peninsula . While it is 
not ant i ci pated that these considerati ons would change the overall 
net directi on of movement at Stations 3 and 4, they could easily 
decrease the magnitude of the net southerly transport, particularly 
in summer . At Stati on 5, the ef fect of summer swell could be 
extremely sign ifi cant and of major importance in carrying sand to 
the canyon head and reduc i ng the si ze of the Salinas Delta. A 
quantitative evaluati on of these wave trains and their effect would 
aid greatly i n determi ni ng actual patterns of longshore transport in 
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Canyon which heads toward the present· river mou th . Most or a11 of 
the materia l - transported to t he north at thi s s tati o~eventually will 
be lost from t he cell down the main channel of the canyon . 
The effect of nearshore currents on the transportat ion of 
finer sediment s should also be considered . Unfort unate ly t here ?re 
insufficient data avai l able to permit detail ed analysis of these cur-
rents. The li terature (e .g. , Skogs berg and Phelps , 1946; Wolf, 1968) 
indicates a predominantly southward nearshore current in summer, 
northward in winter . This patt ern wou ld indi ca te that much of the 
fine materia l brought into the bay ·by the Salinas River in winter is 
immediately carried north t owa rd the canyon . Thi s suppositi on i s 
supported by t he heavy minera l analysis of Yancey (1968), who i ndicated 
that the offshore surface sed iments i n the southern bay are not similar 
in mineralogi cal character to the r iver sediments. Some of thi s fine 
material does move south al ong the beaches, as is indicated by the 
influxes of f i ne material i n the La pis sand sampl es immedi ately after 
the river mouth is opened . 
4. Conclusions 
On the bas i s of both quanti t ative and qualita t i ve appra i sal of 
wave and longshore transport conditi ons , the fo llowing conclusions 
concerning nearshore sediment dynami cs i n the southern bay may be 
proposed: 
a. The beaches are acted upon by large waves and a multi-
plicity of wave trai ns i n win ter and by lower waves of shorter period 
and more consistent directi on duri ng the summer . Periods du ring which 
the bay is dominated by local storm waves are extremely i nfrequent 









swell with extremely long period waves is occasionally important 
during the summer . The beaches are very responsive to all wave 
conditions and to all changes . 
b. Because of the seasonal variations in incident wave energy, 
sand transport is characterized by shifting motions and fairly small 
net movement in winter and by predominantly unidirectional longshore 
transport in summer, with transitional conditions in the spring and 
fall. The smallest volumes of sand movement occur during the period 
of least wave action in July, August, and September . 
c. Transport is predominantly in a downcoast direction along 
the eastern bay shore . This transport is a maximum along the 5 to 6 
miles of beach south of the Salinas River mouth, and decreases to both 
the north and the south of this strip . 
d. There are two nodal points in the transportation pattern. 
A point of convergence is located about two miles north of Monterey 
Harbor, where small volumes of sand from the harbor meet much larger 
volumes from the north . This point is probably in strongest evidence 
during the summer months . A node of divergence is located about a 
mile south of Elkhorn Slough . It is primarily in evidence during the 
winter, and may move two to three miles to the south during summer 
under the influence of long period southerly swell . 
e . The area off the Salinas mouth does not appear to have yet 
reached a state of equilibrium; the modern delta may continue to grow 
due to littoral processes alone . If this occurs, it may be predicted 
that continued growth of the Salinas Delta will, in time, cause modifi-
cation of longshore transport patterns, realignment of the beaches of 
the southern bay, and possibly progradation along much of the shoreline. 
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f . The quantitative transport data corroborat e the presence 
of the lobe of med ium sand (Figure 7) indicating offshore movement at 
the southern nodal point . Peri ods of shifti ng di rec tional motion and 
coarse sand occurrence coincide wel l, as do the very smal l unidirec-
tional movements of ·July, Augus t , and September with t he occurrence 
of fine sands . Sinks which could account for t he large volumetric 
sand decrease between Stati ons 3 and 2 i ncl ude mining , offshore 
transport, and loss to the du nes by wi nd transport . 
C. RIVER SEDIME NT DISCHARGE 
1. General 
The only important drainage into sou thern Monterey Bay at the 
present time i s from the Sa linas Ri ver . The ri ver has a drainage area 
of 4,157 square miles and an annual average discharge of 278,700 acre 
feet per year or 385 cubic fee t per second (37-year average, 1929 to 
1966, from U.S. Geological Su rvey Annua l Water Resources Reports). 
While there is some indication from probings and bathymetry that El 
Estero and Canyon del Rey (Roberts Lake) near t he sou t hern end bf the 
bay at one time may have had di scharges of minor significance, only 
the~linas has been of maj or consequence i n historical ti mes . 
The Sali nas has a highly vari abl e fl ow . Except when flood 
control requi res waste of water to the sea , the lower end of the flow 
is retained in the neighborhood of Chual ar , some 15 to 20 mi l es from 
the ocean . Seaward of this area a l ayer of impervious bl ue clay caps 
aquifers into wh ich percola ti on occurs inland. Primary control i s at 
the Nacimiento Dam, completed in 1958 . The effect of dams on control-







although a thorough stady of their effect has not been completed. 
During a normal year, the river mouth is opened by personnel from 
the Monterey County Flood Control office in October or November, 
and it remains open, at least periodically, until about June . 
Annual rainfall variations in the Salinas Valley are great; several 
notable floods and droughts have been recorded in the last century. 
Nevertheless, in terms of geomorphological forces, the river's sedi-
ment discharge may be termed a fairly regular and frequent occurrence 
(Wolman and Miller, 1960) . 
The data available for the Salinas sediment discharge is that 
which is collected for surface water studies . The estimate of sediment 
supply from the Salinas which is usually quoted in the recent litera-
ture is from Wilde (1965), who used the formula of Leopold, et al . 
(1964), to obtain a value of 5 x 10 5 cubic meters per year for the 
suspended load (that portion finer than 4 ¢) of the Salinas plus local 
streams. Yancey (1968) ascribed the submarine fan off the Salinas 
mouth to subaerial rather than to submarine deposition . He thus dis-
counts the possibility of a large annual influx of sediments from the 
river, or at least implies their almost immediate removal by wave 
action. 
2. Volumetric Computations ~ 
Due to the lack of data specifically designed for computation 
of sediment di scharge, only rough estimates of river transport have 
been attempted . Three different methods have been used, each of which 
provides an independent estimate of a different type or considers a 
different time period of river discharge . Data for most of this portion 
of the project was generously provided by Mr . B. Eissler of the U.S. 
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Geological Survey in Salinas . The use of t he data and the conclusions 
drawn are the au t hor's respons i bili ty. 
a. Deltaic Growth 
Smooth sheets f rom U.S. Coast and Geodeti c Survey hydro-
graphic surveys of 1856 and 1933-1 934, at a scale of 1:10 ,000, were 
available for the area off the Sali nas mouth . The river is known to 
have empti ed into Elkhorn Slough du r ing at l eas t the century prior to 
about 1906 (Haml in, 1904). Around 1906 the r iver abandoned its channel 
where it had previously made a goo bend immedi ately behind t he beach, 
and cut t hrough t he narrow dunes t o t he ocean . 
The 1856 chart, drawn when the river st ill empti ed into the 
Slough, shows some mi nor seaward curvature of the isobaths in the area 
of the present ri ver mouth . This is an indi cati on that t he river 
probably had an outfall in th is area at some time in the recent past. 
The 1856 delta, however, is significant ly l ess pronounced than the 
delta shown on present-day charts. A graphic illustration of the 
area and con t our changes · t s shown i n Fi gu re 25. In order to obtain 
a rough esti mate of delta growt h since t he mos t recent change in 
location of t he river mouth , five prof i l es at 1 • l atitude increments 
were drawn in t he area of t he presen t f an and the soundings of 1856 
and 1933-1934 were compared. A reduced version of the profiles is 
shown in Figures 25 and 26. Profi les were stopped at a depth of 
approximat el y 20 fathoms due to lack of data at greater depths . Com-
parison of t he smooth sheets for t hese years in areas well to t he 
south of the delta showed li t tle change in bottom configuration . 
'~ajor changes on the delta should therefo re prov i de a rough i ndication 
of the order of magnitude of the sedi ment output o~ the ri ver during 
the period f rom 1906 to 1933-1934 . 
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The result of the comparison was an indication that deposition 
on the delta averaged between 1 x 106 and 2 x 106 cubic yards per year 
for the period between 1856 and 1933-1934, or between 1906 and 1934, 
respectively . This estimate i s believed to be of the correct order 
of magnitude~ · and represents a mi nimum estimate for sand discharge 
from the river for those year s . 
The accuracy estimate is based on the following considerations: 
a good geographic fit was obta i ned between the two charts, fixed by 
location of nearly identi cal base stations on Mulligan Hill (a promi-
nent local land feature) and locati on of the 1927 coordinate datum by 
U.S.C. & G.S. on the 1856 chart; a depth of four feet was subtracted 
from each sounding on the 1856 chart to reduce it to Mean Lower Low 
Water (the 1933-1934 and present tidal datum), based on a 1926 
U.S.C. & G.S . notat i on on the 1856 1:40,000 summary chart; a comparison 
of smooth sheets for the same years for the beaches immediately to the 
south of the delta showed ~xtremely good correlation over most of the 
area. The mean tidal range i n Monterey Bay is 5.3 feet, so that a 
reduct i on of four feet from the 1856 soundings would account for any 
deviation from present datum, if i t is assumed that 1856 soundings were 
not initially reduced to a hi gh water stage . 
The primary conclus i on f rom smooth sheet comparisons is that 
there has been extens i ve recent progradation of the Salinas submarine 
delta, at least i n the years between 1906 and 1933-1934 . A second 
significant f act emerged f rom the smooth sheet comparison . Recent 
editions of C. & G.S . 5403, the standard 1:50,000 nav igational chart 
of the area, and the smooth sheets on which they are based (1933-1934 
and 1953-1954) show a t ri butary channel or arm of the Monterey Submarine 
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Canyon extending toward the Salinas River mouth (Figure 27). This arm 
heads about 2,300·yards offshore i n less than 20 fathoms of water . 
Yancey (1968, p. 9) states t hat si nce i t does not ext end to the shore-
line, it is not being presently eroded. There i s, however , no indica-
tion of the presence of thi s channel pr ior to the 1933-1934 survey . 
All ·charts of · the area which are known to the author and which pre-date 
the ·i933-1934 su rvey show fairly stra ight contours in thi s area . 
Personnel as knowledgeable about t he area as Ga lliher (1932) and 
Skogsberg (1 936) ~~ither mention it nor show it on their charts. It 
must be noted that much of their bathymetric ihformation was based on 
work done around 1910 . The channel i s also not shown on the C. & G.S. 
smooth sheet (1 :80 ,000) of 1924-1925. 
It may be argued that since th i s i s a narrow and local feature, 
previous surveys were so spaced that they mi ssed it entirely . However, 
all of the listed references de l i neate i n some det ail the channel 
extending toward the Pajaro River north of the main canyon axis . 
Furthermore, the 1856 survey does gi ve several soundi ngs i n the precise 
area of the channel as shown in 1933-1934 (Figure 27) . These soundings 
indicate a signi ficantly shall ower depth than shown i n the area in 
1933-1934, and none of them indicate the presence of any canyon exten-
sion in 1856 . These depth differences must be considered significant, 
for they occur in a location where al l other soundings, i .e., those 
not in or immediat ely adjacent to t he channel, indicate that the 
general area of t he delta was s i gnificantly deeper in 1856 than i n 
1933-1934 . 
From the smoot h sheet comparisons it may be concluded that the 
delta of the Sal inas River has at least i n la rge part been deposited 
122 
. 
. .. '. 
- . ~'Y 






I ~ ~· I 
.I ~ •·' .. ~ . · I ~ 
!u~JI r5 
116 
121° 1 ~9~~7-~w~==~~~===~~==~~~~~~~~3~~~~~~; 36• 46'N (t62J 16 16 r6 17 r7 r6 17 18 17 19 ,, '8 ~0 
II 
19 I~ (16.1) (17 ) 18 I~ 15 ~ 16 I ~ · I ~ 
15 ( /7..!.) 




15 17 2 
18 Yards 
16 16 15 17 
I~ 
15 (!SjJ 16 
I~ 
13 ~ - e--=t =:r-- . ] 
250 14 0 250 
I~ 
18 
17 I~ I~ 
14 15 I~ 16 17 18 
SALINAS CHANNEL CHANGES 
1856 to 1933 '34 16 
II 
II 
10 [ II 
II 
~ 10 
\ 101 10 
10 
'l 10 10 
SoundinQs in fathoms 
From C.a G.S. Smooth 
Sheets ... 
.. .. (Slant) ¥ 1856 16 












17 16 16 
16 15 I~ 
17 17 I~ I~ 
I~ 
13 
13 14 12 .~ ~ ~ 4 9 . 10 ·· . . 








































































17 II 18 20 
II 









since 1906 . The deposition and growth have been quite rap id; an 
approximate annua l increase of 1 x 106 cubic yards of sand for the 
period 1856 to 1933-1934 is indicated . This fig ure is considered to 
be a minimum estimate for both delta growth and for Sal inas River 
sediment .. suppl y because of· t he known severi ty of wave acti on and 
longshore transport in the area, the fact that t he profiles (Figures 
25 and 26) stop before simil ari ty of bottom depths are reached, and 
because of the evidence for major cu tting of .the arm of the submarine . 
canyon. No other known source of sand supply to t he delta was availa-
ble during this period. 
It thus appears, con tra ry to the conclus ion of Yancey , that 
the Salinas channel of the Monterey Submarine Canyon is eroding at 
an exceeding rapid rate, and that it had its origin -- or at least 
was greatly rej uvenated -- after the river changed its course in 
about 1906. The rapid shoreward progres s .of the head of thi s canyon 
is probably due to the fac t s that it is cutt i ng into rec~ntly deposited, 
unconsolidated sed imen t s, and is provided a large annual supply of 
material capable of continuing the erosion. 
b. Discharge of Sands. 
. 
The term sand as herein used i s def1n~d (Wentworth , 1922) 
as sediment in t he size range of 4 ¢to -1 ¢. Fines are considered 
separately. River di scharge of sands was computed by the method 
develope~ and outlined by Col by (1964 ) . His Fi gu res 26 and 24, which 
relate di scharge to mean velocity, medi an bed size, and depth of flow, 
and wh ich provide corrections for deviations of water temperature from 
a standard of 60°F and for suspended load of fi ne sediments, were used 







combined bed load and suspended load for material in the sand sizes. 
----------
This was the method used by Bowen and Inman (1966) in their Point 
Arguello study (although they computed values from a different figure 
in Colby's paper), and is perhaps the simplest and most rapid method 
presently available for discharge calculations. 
Sand discharge volumes were computed for the calendar years 
1965 through 1967 . The required input data of mean velocity, stream 
width, and depth, were taken from U.S. Geological Survey forms 9-207 
for Station No . 11-152500 (Salinas River near Spreckles) . These data 
were measured less frequently than daily, and at several different 
locations, during the period for which computations were made. Because 
of this, the surface water discharge records were used to weigh flow 
durations and to very slightly adjust velocity values when these were 
not taken at the reference gage station . Sediment discharge values 
were computed only for those days when the river was known to be open 
to the sea (Monterey County Flood Control Annual Reports). A lack of 
precise information on open dates was the primary reason for limiting 
consideration to three years . 
Sediment mean size data for the river bed were obtained from a 
set of seven samples across the river channel. These samples were 
taken on 12 October 1967, after the closing of the river mouth on 
September 28 of that year, and were analyzed by the U.S . Geological 
Survey . Samples from main and secondary channels, and from overflow 
or flood areas between and on- both sides of the channels, were included. 
The size values may therefore be considered roughly representative of 
material moved by the river during the previous water years . Calcula-
tions and significant values are summarized in Table 3. The average 
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TABL E 3 
SALI NAS RIVER· SAND DISCHARGE, 1965-1967 
* * DATE t TEMP WIDTH (oF) ( FT) 
0 1-.18-65 
1-25 # 8 78 
2-10 #20 49 
4-1 # 5 2.0 
c 4-1-65 
0 4-14- 65 
4




12-4 #18 22 
c 12-13-65 
.0 1-7-66 
1-7 } AVG 51 83 
1-26 #22 47 . 49 
c 1- 28- 66 
0 2-7-66 
2-18 #22 46 75 
c 2-28-66 
0 12-6-66 
12-7 # 1 57 360 
12-8} AVG 305 
12-8 # 1 49 810 
12-9 #1. 5 47 785 
12-11 # 3 52 273 
12-14 # 4 56 40 
' 12-20 # 5 53 39 
12-30 #15 49 76 
1-24-67 #15 49 41 
2-3 #20 53 258 
t 0 = Date r iver opened 
C = Da te river cl osed 
# = No . of days for 
computation 























AVG * t DI SCHARGE = DISCHARGE X 
VELOCITY TONS/ DAY PER DAYS x WIDTH 
(FT/SEC ) FOOT OF WIDTH) (TONS) 
2. 00 2.30 1 ,440 
1. 68 . 60 650 
2. 02 2.40 40 
. 44 0 
1. 22 0 
. 50 0 
2. 30 5.90 2,340 
1. 72 .63 690 
.99 0 
1. 48 . 26 430 
1. 98 1. 10 400 
1. 70 . 27 120 1. 56 . 15 
2. 19 2.00 1 ,570 
1. 86 .72 590 
2. 22 2. 60 420 
1. 26 0 
1. 52 . 22 250 
2.09 1.90 1 '1 70 
2.33 4.00 20,640 
* From U. S. Geol og i cal Survey Forms 9~207 f From Colby (1 964 ) , Fi gures 24 and 26 
(med ian diameter of bed sands = .48 mm 
for width < 100 ' , .42 mm for width> 
100 I ) 
NOTE : Due to averag i ng, numbers are not completely compatible . 















TABL E 3 (cont . ) 
SALINAS RIVER SAND DISCHARGE, 1965-1967 
I I I I TOTAL DISCHARGE I 
1 ! AVG DISCHARGE = DISCHARGE X 
DATE ~EMP WIDTH !DEPTH VELOCITY (TONS /DAY PER DAYS X WIDTH 
~ 0 F) j ( FT) I ( FT ) (FT/SEC) FOOT OF WIDTH) (TONS) 
i 
239 ! 2-16-67 #13 53 ' 3. 35 2. 04 1.80 5,590 
3-9 #18 59 ' 87 1 2. 17 1. 61 .31 496 
3-17 #12 54 1 277 5.85 2. 98 12 . 20 30,420 
3-29 #15 55 41 8 . 00 2.39 2. 90 1 ,780 
4-28 #28 58 258 4. 73 2. 37 3. 50 25,290 
5-12 #1 5 40 . 6 8 . 22 2. 08 1.60 780 
5-22 #16 65 99 2. 21 l. 55 .20 320 
6-9 #20 79 2. 08 1.81 .95 1 ,500 7-1} 76 68 1.09 1.30 0 8-1 76 77 l. 73 1.66 . 53 
8-18 AVG 73 83 1. 95 .1. 68 .50 4,675 9-6 #95 73 76 2. 12 l. 74 .60 
9-19 73 84 2. 67 2. 01 1. 70 
9-28-67 
Total 
11,2 X 104 
'+ TONS 2000 LB 1 YD 3 YD 3 11
·
2 
X 10 3 YEARS TON 2900 LB = 2·5 X 104 ~ 
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annual discharge is computed by thi s me t hod to be approximately 
2.5 x 10~ cub i c yards of· sand per year . 
The vali dity of thi s est imate i s in serious doubt. It could 
quite easi ly be wrong by one order of magn i tude . Most of the streams 
considered by Colby had year- round flow . The yearly stoppage of the 
Salinas and the extremely l arge seasonal variations i n its channel 
width prompt luxuriant summer growth of phreatophytes in t he ·river 
l 
bed, at least in t he r iver ' s l ower reaches . These pl an ts have a large 
if temporary stabilizing influence on sediment transport; their 
quantitative effect is imposs ible t o evaluate, but is at l east a 
significant facto r in removi ng the Sa l i nas River from the assumed 
conditions of cohesionless bed sands and smooth banks. 
The basic data are sus pect for the use t o which they were put 
here. Data were pr imarily des igned for computati ons of wa ter volume 
discharge, and the va l ues of vel oci ty - - on which the calcu lations of 
sediment di scharge depend most critical ly - - are probably poor 
estimates for use in this study. Variat ion i n location where velocity 
was measured caused wide fluctuations i n recorded values which could 
not readily be compensated for . 
The gagi ng station i s located some 15 to 20 mi l es inland . This 
distance from the ocean has some effect on the computed di scharge 
values, although t he river bed appears t o be in a near equ ilibrium 
condition so t hat almost all of the sand passing Chual ar does eventually 
reach the ocean . The lagoon behind the ba r at t he river mouth appar-
ently has si des and bottom of water- saturated cl ay several feet thick 
(Muckel, Dyer, and Behnke, 1965) . Thi s woul d indicate that there is 
little sand accumul ation during peri ods of l ow f low, and al most complete 





The data are further biased by the years chosen for the compu-
tations. About 90 percent of the discharge during the three-year 
period occurred in 1967, and of this another 90 percent occurred in 
the three months of February, March, and April. This is a strong 
indication that only in major flood periods does the Salinas discharge 
a large volume of sand . 
The sand discharge volume calculated by this method is very 
small when compared to the delta growth calculations . This, plus the 
highly variable nature of the yearly flow, suggests that the Nacimiento 
Dam may have a profound influence on the supply of sediment to southern 
Monterey Bay . The construction of this and other dams and the resulting 
outflow regu1ation may have greatly decreased the river's natural 
transporting power . Furthermore, dams intercept the sediment derived 
from large portions of the total drainage area · so that the total sedi-
ment supply for the river is substantially decreased. The author knows 
of no other occurrence or physical change between 1933-1934 and the 
present which could account for at least two orders of magnitude 
decrease in sand discharge volumes . 
It must be emphasized that the volume computation by the 
method of Colby (1964) is extremely tentative, and may in fact be 
totally erroneous . There are, however, two orders of magnitude dif-
ference between this and the delta change calculations, both of which 
consider only sands and not fines. The author does not believe that 
this difference can be totally accounted for by errors in calcula-
tion. Based on the nature and handling of the data, the delta volume 
computations would appear to be an underestimate, and the river dis-
charge value a slight overestimate, of actual values . This 
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unfor tunat ely would make· the di screpancy even larger, so t ha t a phys i -
c~1 ~ause for · t he·· change· mu~t be sought . 
c. Suspended Sed iment 
Sl i ght ly over one year-of suspended sed iment data 
(unpubl i shed ) fo r open river mouth peri ods were made ava i l abl e by 
Mr . Eissler . The suspended sediment concentrati on (parts per mil lion) 
was multipli ed by river discharge (cub i c feet per second) and by time 
to obtain cubi c yards of suspended material discharged per day and 
per_ year . The results are t abulated i n Tabl e 4. Pipette and vo l u-
m~tric accumu la t i on t ube analysis of t he samples, conducted by the 
U.S. Geolog ica l Survey, indicated t hat approximately 75 percen t of 
the suspended mat eri al was of sizes smaller than 4 ¢. The mater ial 
larger than 4 ¢ shou l d t heore t i call y be accoun ted for by Colby's 
method of comput i ng sand di scharge . Fr om th e t abl e i t can be not ed 
that the di scharge i n December 1966 (h i gh fl ood stage) su rpassed that 
for the entire 1967 cal endar year . Suspended sedi ment concentration 
varied approxi mat ely directly with di scharge vo lume t hroughout the 
year, so t hat decreased summer f l ows carri ed insignifi can t amounts 
of f i ne sedi ment . 
Th i s computation, l ike that of t he sand di scharge , coul d be 
seriously i n error . Most concentrat i on values· were based on a si ngle 
reading ra t her ·t han· a profi le of samples . The samples were not taken 
by _ Ge~logical Survey personne l but on contrac t by a l oca l resi dent . 
They were not always taken at the same l ocati on as was the wa ter -flow 
data . Th i s was t he firs t suspended sedi ment data for the Sa l inas 
River , so that l ack of trai ni ng and experi ence undoub t edl y had an 

















SUSPENDED SEDIMENT DISCHARGE (YD 3 ) 
DATE DEC (66) JAN (67) FEB MARCH APRIL MAY JUNE JULY AUG SEPT 
1 94 21312 245 652 2076 294 58 159 81 
2 RIVER 89 14650 205 493 1958 271 56 155 102 3 84 5856 179 830 1534 221 54 147 91 
4 CLOSED 83 11697 164 1225 1342 233 52 124 89 
5 47 9446 150 1472 1162 211 50 110 105 
6 52 53 7395 139 1443 870 197 48 102 102 
7 11100 41 6686 217 7862 757 177 46 100 102 
8 137975 36 5778 157 14360 658 168 44 99 96 
9 282867 31 4880 97 2380 565 159 42 98 103 
10 56842 28 2838 422 3072 502 154 40 105 115 
11 6532 27 2381 453 4928 419 138 25 113 120 
12 5745 26 1848 733 2577 303 134 24 127 146 
13 9504 23 2765 1711 2678 260 130 23 155 168 
14 9370 26 2370 4512 2693 249 125 20 179 138 
15 7360 23 2130 7761 3644 243 120 18 174 124 
16 5435 21 745 1293 2007 2341 115 16 159 140 
17 3651 18 703 11190 1779 201 I 110 : 16 j 152 150 
18 1762 11 620 5408 1782 174 1 106 1 21 ; 144 ! 160 
19 735 11 677 4867 1942 149 l 01 23 134 I 167 
20 298 12 858 4018 2188 127 98 24 121 154 
21 258 18 845 3110 3226 128 96 24 119 148 
22 232 42 806 2598 26567 130 96 36 120 192 
23 207 277 753 1958 13536 128 98 49 108 64 
24 187 335 712 1490 7859 148 120 68 105 26 
25 170 2179 725 1311 4396 162 110 106 112 17 
26 154 4090 579 1008 8148 170 101 137 114 12 
27 140 6600 425 774 6672 244 91 139 110 7 
28 128 6362 295 570 4372 332 86 135 115 5 
29 118 9629 465 2781 285 82 127 115 RIVER 30 107 11540 384 2408 336 77 . 136 107 CLOSED 31 100 14038 582 355 146 91 
TOTAL 541029 55894 110775 57991 139972 16201 4218 1803 3873 2919 
541029 (1966) + 393646 (1967) = 934675 ; RANGE 3.9 + 9.3 x 10 5 ~~ 3 




which proved t o be a year of unusually hi gh fl ood stages and extended 
summer flow . It is notable that the discharge val ue obta i ned is of 
the same order of magn itude as that computed by Wilde (1965) . The 
value i s believed accurate at l east to the order of magnitude . 
3. Conc lusi ons 
Based on the assumption that t he computed volumes are correct 
to order of magn itude, the fol lowing tentative conclusions are set 
forth: 
a. The present day sedimen t discharge of the Sali nas River is 
approximately 2.5 x 10 4 cub ic yards of sand and 3 x 10 5 cubic yards of 
silt and clay per year. The bulk of t hi s materi al is transported in a 
period of a month or two each year, and the total vol umetric output is 
highly dependent on flood control procedures . 
b. The river sand discharge was on the order of 106 cubic 
yards of sand per year, or great er, duri ng the period immediately after 
the river commenced to empty at i ts present outl et . This average 
annual di scharge volume was ma intai ned until approximately 1958, when 
the Nacimiento Dam was compl eted . The dam decreased t he ou tpu t by 
cutting off much of the drai nage area from the ocean, thus reducing 
the availabil i ty of sediment, and by loweri ng t he ri ver's natural load 
carrying capacity. 
c. The delta off t he mouth of the Sali nas showed rapid progra-
dation between the surveys of 1856 and 1933-1 934 . Unless the annual 
volume of sand discharge duri ng these years was significantl y larger 
than x 106 cub ic yards per year, the progradation i s indi cat ive of 




loss of the newly added sands . A figure larger in magnitude than 
106 is indicated by the computed longshore transport at Station 4 and 
by the computation procedure, which neglected bathymetric changes at 
depths greater than about 20 fathoms . 
d. The topography and surface geology of the Salinas flood 
plain indicate a fluctuating location of the river mouth between 
Elkhorn Slough and slightly south of the present location during the 
Holocene. The size of the active dune field between the present out-
fall and the slough is evidence that the river has drained into the 
slough or at its present location for most of the last several 
centuries. 
e. The hydrographic chart of 1856 indicates the existence of 
a small delta near the present mouth, probably created at an earlier 
time when the river emptied at this location . Prior to the most 
recent course change in about 1906, when the river emptied into 
Elkhorn Slough, much of the river sediment added to the bay probably 
passed directly down the main channel of the Monterey Submarine Canyon. 
f. The 1856 chart does not indicate the presence of a 
tributary channel to the Monterey Submarine Canyon that heads directly 
off the present river outfall . This channel has either been newly 
developed or reopened, probably since 1906 when the river changed its 
course. 
g. Volumes supplied by the river as computed for different 
periods of time and different size components differ considerably . 
If the differences are real, carefully controlled bathymetric surveys 
of the delta region should help shed more light on the present budget 
of the southern bay . The large decrease of sediment supply since 
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1933-1934, if real, could cause significant changes in the beaches in 
the southern bay . It i s possible t hat this decreased transport is 
just beginning to be felt 10 years after construction of t he 
Nacimiento Dam . This could account for the recently decreased pre-
dictabi·1ity of sand sizes by mining operators. It may be predicted 
that the effect·, if real, wi l l be f elt increasingly with t he passage 
of time, and that a significant decrease in size of the submarine 
delta would be one of the fi rs t recogni zabl e indica t ions of forth-
coming coasta l erosion . Conversely , if the volumetric discharge at 
the present time is shown to be comparable to that of the period from 
1856 to 1933-1934 , the delta should show significant additi onal pro-
gradation. In t his case the southern beaches shou l d be stable or move 
seaward in the fu ture, as is conc luded above i n the section on waves 
and longshore transpor t . 
h. The compu ted suspended sediment load is compati ble with 
Wilde•s (1965 ) es timate. Mu ch of this fi ne material undou btedly passes 
-
directly to sea and into the canyon via the mai n axis or the Salinas 
Channel under the infl uence of a northward offshore current in winter. 
Significant volumes are transported sou th along the beach . As indicated 
by Yancey (1 968), this fine ma terial does not compare closely with the 
offshore sedimen ts in the southern bay on a heavy mineral basis. This 
would seem to indicate that the fin e ma t erial either rema i ns near the 
beach or is predomi nantly transported t o the north . 
D. WIND TRANSPORT 
The extent of the Monterey Bay coas tal dune fields, and t he con-
tinuing occurrence of dune encroachment as seen from both aerial 







effect of wind transport· in the· area. -oune alignment indicates that 
winds are predominantly from the northwest; this is verified by the 
available measurements . The Corps of Engineers (1959) showed in a 
wind rose that northwest winds occur during more than a third of the 
total hours per year . Galliher (1932) vectorially analyzed the north-
west wind and showed that its alongshore components are zero at the 
center of the major dune field in Fort Ord, and are toward this loca-
tion from both north and south . 
To properly determine the volumetric rate of sand transport 
by the wind, wind velocity profiles from both along the beach and 
across the seacliff face should be analyzed and used . The Monterey 
Peninsula provides a sheltering effect for the southern corner of the 
bay, while from Fort Ord to the northern cell boundary the coast is 
open and hence unsheltered from the dominant winds . Unfortunately, 
the onl-y summarized wind information readily available for this portion 
of the study was from the Naval Auxiliary Landing Field in Monterey. 
This station is located about 2,500 yards inland, at an altitude of 
164 feet. It is well within the sheltered zone of the Peninsula. 
About a year of continuous wind recoroi_ngs .. was available at the Moss 
Landing Marine Laboratory, but time was not available for reduction 
of these data . Because of the location of th-e air facility, its data 
may be considered to provide a minimum estimate of the wind transport 
from the beaches . A tabulation of average annual wind duration by 
: -
velocity and direction intervals was composed from the Landing Field 
climatological summary sheets of 1954 through 1962 and is shown in 
Figure 28 . 
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Wind Velocities' 8 Year Aver a ge , Hours per Year 
Kts. NE E SE s sw w NW N 
3-8 39 . <4 6<42 .9 11 2.0 U7.9 <4 06 .1 1360.0 5<42.8 591 .3 
9-15 5.1 58.0 19 .5 95.9 112.1 522 .4 264.5 111 .6 
~6-25 2 .0 2 .1 19 .9 12 .9 31.8 12.5 <4 .1 
25 0.2 0.5 0 . 1 0 .4 1. 3 0 .1 
Under 3 Knots = 3326- 8 
Locat ion= Naval Auxi liary Landing Field 
WIND TRANSPORT 
Figure 2 8 
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d • .66mm. 
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Examination of aerial photographs indicated that dunes are 
progressing rapidly inland along the entire length of beach in the 
inner bay. Dune areas particularly notable· because of their lack of 
backshore vegetation for over 20 years are located just south of the 
Salinas River mouth, near the northern Fort Ord border, and at several 
locations along the Fort Ord beaches and immediately south of them in 
the area of high dunes where the southernmost sand plants are located. 
Almost all - of the major transgression has occurred in cuts or wind 
gaps in the older dune fields, so that the steep slopes of the sea-
cliffs do not provide an effective barrier to continued inland sand 
transport. 
Volumetric sand transport was calculated using the method of ) 
Johnson and Kadi b__ll964) . A second riie.thod of ca 1 cul ati on was presented 
by Kadib in 1965. In this 1965 paper he shows that the calculation 
proce·dure of the 1964 paper produces values of transport at wind 
velocities ·below critical levels; the 1964 method was, however, deemed 
adequate for use on thi~ study . This decision was based on the fact 
that both methods available for use gave values of the same order of 
magnitude on Kadib's test beach (Kadib, 1964, 1965), and that the 
extremely rough nature of the available data did not justify the 
additional time required to obtain a questionable increase in accuracy. 
The climatological summaries provided a breakdown of the winds into 
octants of direction and into 5 velocity classes; under 3 knots, 3 to 
8, 9 to 15, 16 to 25, and over 25 knots . Thus the data has nowhere 
near sufficient definitiveness to provide more than a "first guess 11 
estimate of the transport . 
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The method, as devel oped in Johnson and Kadib (1964), may be 
outl ined as foll ows . Figure 28 shows a rough breakdown of the geo-
graphical area into reaches and indicates some of the significant 
values fo r the area . The· formula for the calcula tion is t he basic 









Q = 15.20 t.l. do U3 pounds per year, 
1 1 * 
= total trans port in pounds per year fo r a given wind 
durat i on and veloci ty cl ass and for the reach under 
considerati on, 
= durat i on in hours per year of t he wind direction and 
veloc i ty class under consi deration , 
= reach i n fee t perpend icul ar to the wind (see Figure 28), 
= median grain di ameter in mill ime ters of the sand at the 
mean water l evel on t he reach under consideration· 
(Figure 28), 
= st andard med ian grai n diameter of 0. 25 mm, 
15 . 20 = a constant whi ch i ncorporates the Bagnold constant 
(assumed val ue of 1. 8 for normal grading), accel era-
t ion of gravity, and specific wei ght of air , 
where 
u - u• 
= 6.13 log (Z/Z1 ) ; 
U = wi nd vel oci ty of cl ass under cons i deration, 
Z = anemome ter height (1 2 feet for the N.A.L . F. 
wi nd da ta ), 
Z' and U' are 'focus' heights and velocities, respectively, 
of wind profil es (John son and Kadi b, 1964), and are determi ned 
for use· in this formula by: 
Z' = 10 d in mm, 
U' =· 20 d in miles per hour . 
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A value of 0 was computed for each direction, velocity class, 
and reach of interest . For southern Monterey Bay, the only wind direc-
tions capable of transporting sand inland are southwest through north, 
and onl y the upper three velocity categories have any sand carrying 
capacity. These three categories were assumed to have average velocity 
values of 20, 35, and 50 feet per second. The first and last of these 
categories produce only negligible transport due to their small 
velocity and short durations respectively . Values of the median grain 
diameter were taken from the mean water line samples of the quasi-
synoptic survey . They are shown in Figure 28. 
The sand transport calculations indicate a total inland trans-
port of sand by the wind on the order of 2 x 10~ cubic yards per year 
between Monterey Harbor and Moss Landing . Computations and significant 
values are shown in Table 5. Figures indicate that maximum transport 
occurs in the area of high dunes just south of Fort Ord; i.e., at the 
southern end of the major dune field. Yearly totals were much smaller 
for the southern portion of Fort Ord, and then increased for the 
northern reaches . Th i s is in disagreement with the actual conditions 
as indicated on aerial photographs, and may be attributed to the 
location of the wind data source . The yearly total value of 2 x 10~ 
cubic yards is believed to represent an absolute minimum estimate for 
the area; winds are known to be higher than the reported data indicate, 
and to increase sign i ficantly upcoast . 
The winds from i nland which would be capable of carrying sedi-
ment back to sea have not been considered. Such offshore winds are 
predominantly part of the local sea-land breeze regime, and are 
generally of small magnitude . It may be estimated ·that the seaward 
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The roughness of the method of calculation and the short-
comings of the wind data greatly reduce· the validity of the computed 
volumetric figure . The extreme importance of wind transport in the 
area is immediately apparent from the bay· shore and dune topography, 
and this subject deserves · a more accurate appraisal . 
E. SEACLIFF EROSION 
The increasing number of seawalls along the coast, artificial cuts 
in the dune faces and reports from mining companies, all attest to the 
extreme importance of dune erosion along the entire eastern bay shore. 
Although high winter waves annually erode the beaches and usually 
remove the talus at the foot of the dunes, most of this material is 
returned to the beach in the summer . The real damage is done during 
major winter storms when as much as 10 to 15 yards of coastline 
retreat have been reported to occur in a day (e.g . , in the February 
1960 storm approximately 40 feet of beach was lost near Sand City 
according to Hart [1966]) . 
Both local bay wind storms and larger open ocean storms have 
been noted to cause significant damage . The storms, the synoptic 
conditions surrounding them, and their effects have been thoroughly 
documented for this area for the years 1910 through 1960 by Bixby 
(1962). Bixby•s work in?icates that major erosion is fairly infre-
d quent, occurring perhaps once or twice in a decade, but that it can 
be locally catastrophic . In addition, only certain localized por-
tions of the coast may be affected by any one storm, as was the case 
with the previously discussed storm of December 1967 which caused much 
erosion in the southern bay tip but had little effect on the beaches 
farther north. 
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The only practical method of estimati ng the magnitude of 
is by comparison of sequential aeri al photographs . Th i s 
ethod has been shown to produce excellent results i n numerous areas 
(e .g., Cameron, 1965 ) . Vert ical and controll ed aerial photos of all 
or part of the Monterey Bay area were available for the years 1941, 
1945, 1949, 1959 , and 1968 , The 1968 set was taken by Naval Post-
graduate School personnel at an altitude of 1,000 feet usi ng the 
school•s Fairch ild T-11 aer ia l mapping camera which is permanently 
mounted in a Navy S2 aircraft . Photos of other years were from various 
government sources . 
Control in comparative measurements was maintained by the use 
of known distances between permanent objects used as reference for 
each photo or segmen t of beach . Measu rements were made t o t he top 
edge of the seacliff, and are therefore i ndependent of time of year, 
state of t i de , or other transient and seasonal conditions. Compara-
tive measurements us i ng the 1945 fl ight as a base were made at 25 
tations between El Estero and Mari na . Insufficient control was availa-
ble for deta il ed meas urements further north, al though continuity of 
erosional distances appeared probable at a f ew l ocati ons wh ere rough 
comparisons were possible . Based on the quality of the photographs 
and the procedures used, the accuracy of results is rated as good .. 
The measurements indicate an average rate of seacliff retreat 
1.3 yards per year for the peri od from 1945 through 1968 for the 
beach area from the zone of du ne height increase near the sou thern 
about 1,000 yards south of the Salinas River mouth. 
Erosion was locally most pronounced just south of the southern For t 







border. Erosion was comparatively minor along the center of Fort Ord 
and in the area of the Salinas delta . 
Topographical variations along this stretch of coast are large. 
The maximum height of the seacl i ffs is over 160 feet, and the tops of 
the high dunes along the Fort Ord area average over 100 feet . The 
presence of wind gaps and the lobate shape of the recent dunes, however, 
indicate a sign i ficantly lower average height for the entire beach 
length. Calculations indi cated an average seacliff he i ght of 38 feet 
(about 12.5 yards) for the approximately 15,000 yard length of beach 
which is backed by dunes . This area includes both the older dunes of 
the Fort Ord area and the more recent dune fields to both north and 
south . The quasi-synoptic sediment samples collected from the dunes 
indicate that on the average the dune material consists of 97 percent 
sand (material larger than 4 ¢) . Based on these values and on the 1.3 
yard per year estimate of erosion, figures of 2.3 x 10 5 cubic yards 
of sand and 7 x 10 3 yards of fines are arrived at for the annual 
contribution of material to the beaches by this process . 
These figures are believed to be accurate to their order of 
magnitude, and indicate that the seacliffs play an extremely 
in the sand budget of the area. There are obviously extreme 
in the amount of erosion from year to year . If the Salinas River sedi 
ment supply has recently decreased as indicated above, the dunes may 
be expected to become an i ncreasingly important sediment source, in 




The removal of ~and from the surf zone by mini ng must be cons i dered 
a sign i f icant f actor in the sand budget of t he southern bay li t toral 
cell . Sand and gravel deposits throughout Mon terey County , and t heir 
commerci al exploitation, have been documented by Goldman (1964) and 
Hart (1966 ) . Hart lists some 21 deposi ts and mi ning locati ons t hrough-
out the county. Of these, 12 are Qua ternary st ream deposi t s whi ch 
have extremely minor or no commerc i al devel opment, and three are 
located on the Monterey Peni nsula and play no active par t i n the 
sand budge t of the bay . The rema i ning six are l ocated along the 
coast i n the area of i nteres t , As previ ously indicated, fi ve of the 
si x min i ng locations drag t he surf zone for much of their sand . 
P . C . A . ~ s Lapis plant i n Mari na is the excepti on ; i t · uses a dredging 
pond behind the act ive beach . Commercial producti on along t hese 
beaches has been repor ted si nce the early 1900 's , The Corps of Enqi-
neers estimated in 1959 that some 700 ,000 cubic yards of sand had 
been r emoved from the beaches since 1911, and that recent producti on 
averaged 75,000 cubic yards annua lly , 
Figures for annual sand production i n Monterey Coun ty are 
listed i n the U.S. Department of the Interior , Bu reau of Mi nes Mi neral 
Yearbook . Thi s source indicated that the county's average annual out-
put has been 847,000 short t ons, or 5.84 x lO s cubic yards , for the 
years from 1953 t hrough 1966. It was assumed t hat the locat ions along 
the · bay beaches produce approximately one-fift h of th i s total county 
volume from their beaches, so that 1 x lOs cubic yards of sand are 
annuall y removed by mi ning from the acti ve beach face . 
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The absolute accuracy of this estimate is not known since 
figures on annual production were not obtained from the individual 
companies but simply taken from the · above referenced source. It 
would appear reasonable that the estimated volume is correct to an 
order of magnitude . If it is high, the 1959 estimate of the Corps 
of Engineers (7 .5 x · 104 cubic yards) may· be accepted as a reasonable 
substitute. Nearly all of the beach material removed is in the 
medium to coarse sand size range . It is estimated that significant 
amounts of dune material, probably similar in volume to the beach 
sands, are also removed . 
G. SHORELINE AND BATHYMETRY CHANGES 
The Corps of Engineers (1959) conducted a careful shoreline change 
study of the harbor and southern bay area. Their work was based on 
C. & G.S. and Corps of Engineer surveys of 1851-1854, 1883, 1910, 1933, 
1948, and 1949 . Their findings were generally inconclusive, indicating 
repeated shoreline advance and retreat, and no correlation of shore-
line changes with floods of the Salinas River. They noted some shoaling 
in the harbor itself (14,000 cubic yards per year), and attributed this 
to littoral drift from the eastern bay coast . · This study, like several 
model studies of the harbor, was designed to help estimate the effect 
of a proposed additional breakwater east of the present harbor area. 
It was concluded that the breakwater would prevent further shoaling of 
the harbor and cause slow seaward movement of the shoreline immediately 
to the north . 
In the present study, only the C. & G.S. hydrographic survey 
smooth sheets of 1851, 1933-1934, and 1953-1954 were available for the 
harbor area; those of 1856 and 1933-1934 were available for the more 
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northern secti ons of the· bay . Results of· the comparison off t he mouth 
of the Sal i nas River· have already been discussed. From sou t h of the 
Salinas de lta (about 36° 42 1 30 '' N) to t he area south of Fort Ord 
where the transit i on in· sand types was noted in Secti on II (about 36° 
37' 30" N), the 1856 and 1933-1 934 charts show only· extr emely mi nor 
variations in the location of· t he shoreli ne and in offshore soundings . 
A slight re treat of the shoreli ne may be indi cated, but thi s i s 
variable and on the order of 100 to 150 feet, and so is compatible 
with seacl iff erosion . Survey chart comparis on also reveal ed that 
retreat of the granod i ori te exposure on t he Mon terey Peninsul a i s 
extremely slow. Additional new sedi men t added to the bay from this 
source is estimated to average less than .a thousand cubic yards per 
year . 
The area of the southern bay tip appears to have exper ienced 
quite extensive erosion of t he shoreli ne . Excludi ng the harbor area, 
where construction has greatly mod ifi ed the bathymetry (a separate 
study at t he Nava l Postgraduate Schoo l i s presently consideri ng bottom 
changes i n t he har bor in great detail for the period since construc-
tion of the Coas t Guard breakwat er) , comparison of the 1851 and 1933-
1934 charts shows a shoreline retreat of about 400 feet . The greatest 
change occurred in the extreme south, and it tapered off northward to 
almost i den tical shoreline positions at abou t 36° 37 1 30" N. Comparison 
of profiles constructed from the two su rveys i nd icated that major 
modifications occurred in the nears hore area to depths of about 6 
fathoms; i n deeper water the differences i n the bottom dept h notations 







Inside the 6-fathom line, cutting occurred for a depth of 3 
to 8 feet, depending on location . It is estimated that a total volume 
of 10 6 cubic yards of material was removed from this area in the years 
between 1851 and 1933-1934 (slightly over 1 x 10 4 cubic yards per year) . 
The comparison of the 1933-1934 chart with that of 1953-1954 indicated 
that there have been · virtually no shoreline· or bathymetry chan.ges of 
consequence during this period, with the possible exception of a 
slight shoaling of the 3-fathom curve in the vicinity of Robert's Lake. 
This area is near the base of the lobate seaward extension of medium 
sands noted in Section II . 
The accuracy of the 1851 to 1933-1934 depth changes found in 
this study is extremely questionable . Only a fairly poor fit of the 
1851 chart to the later charts could be obtained, so that the magnitude· 
of the estimated cutting may be greatly in error . The charts do reveal, 
nevertheless, a definite indication that some significant erosion of the 
shoreline occurred in the southern bay ti-p prior to 1933-193.4 and that 
this erosion has not been continued in the past 30 or so years. T~at 
there has been some actual shoreward progression of the coastline is a 
conclusion which is verified by qualitative reports from sand companies 
and from old photographs . The repository for the removed material is 
difficwlt to locate precisely . The presence of the lobate extension 
of medium sands to s.eaward north of the shale outcrop, and the. report 
of Yancey (1968) that the off shore sediments in the southern bay are 
not directly attributable to the Salinas River, indicate the probability 
of offshore transport and subsequent diffusion of this material . 
Several reasons may be postul.at.ed to explain the significant 
erosion prior to 1933-1934 and the apparent cessation or severe reduction 
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in recent decades . One possibil ity is t hat eros i on in the extreme 
southern end of the bay, which woul d have a na tural tendency t o 
deepen the southern bay tip, was effectively stopped when the super-
ficial dune deposits in the area had been completely stripped f r om 
the more res is tant Monterey shale . This inference is supported by 
the fact that the nearshore shale exposure was noted by Ga ll iher 
(1932), bu t was not reported in 1851. This exposure l ies near t he 
depth of signi f icant wave erosion so t ha t remova l of the nearshore 
portion of overl yi ng, weakly consoli dated dune deposits coul d be 
readily accompl ished by forces known to exis t in the area . Ex posure 
of the more res istant rock, and the deeper l evel of the now res i stant 
bottom, would stabili ze the nearshore sea fl oor and thus ass ist i n the 
stabil i zati on · of· the=shorefi ne. 
A second possible explanati on of the apparent eros i on followed 
, by stabil i ty i s that the erection of the Coast Guard breakwat er west 
of the harbor i n 1934 signifi cantly altered patterns of local wave 
refraction and nearshore water moti on in the southern bay . Wi thout 
the breakwater , currents wou ld be able t o sweep through the harbor 
area in a cycl on ic gyre; the breakwater has disturbed this pat tern 
and created a shel tered area near the shore so that eros ion has been 
sign i fican tly decreased . De t ail ed refract i on and diffraction di agrams 
for the harbor , and cl osely controll ed surveys of the currents i n the 
rea, coul d verify or disprove this suggesti on . 
A third poss ibili ty is t hat t he comparison of the 1851 and 
later· tharts was i nva l i d for one reason or another, and that the 
southern · bay shore has been in near equ i l ibri um for the last few 
centuri es . It is th is writer's opi nion t hat t he first sugges ti on is 
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the most probable, and that future changes in the shoreline of the 
southern end of the bay will be primarily dependent upon fluctuations 
of sand input from the north; this southern area will remain in near 
equilibrium with both waves and currents if the present sand supply 
is maintained . The introduction of sediment to the harbor itself is 
believed to be almost completely independent of present and future 
coastline changes and longshore transport . Due to the blockading 
structures on both sides, and lack of evidence of buildup of sand 
around these structures, it must be concluded that the input to the 
harbor consists almost entirely of suspended sediment brought in with 
the tides through the harbor mouth. 
H. SUBMARINE CANYON AND OFFSHORE LOSSES 
~ In spite of the many excellent papers dealing with the Monterey 
-
. ' . 
~ . 
Submarine Canyon (e . g. , Martin, 1964; Wilde, 1965; Martin and Emery, 
1967; Starke and Howard, 1968), it has been impossible to volumetrically 
estimate losses of sand to this sink . Prior to about 1906, when the 
Salinas River headed at the canyon mouth, it may be assumed that much 
of the sediment entering the bay passed directly into the canyon. The 
recent and rapid cutting of the tributary channel presently heading 
toward the river mouth indicates that the canyon continues to remain a 
major sink. 
The cutting of the Salinas channel of the canyon may be suf-
ficiently active that the northern border of the southern bay littoral 
cell could in time be shifted to the region of the river mouth. Some 
percentage of the river•s output could then be considered as moving 
south into the southern bay littoral cell, the remainder being either 
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immediately l ost to the canyon or supplying a small, separate cell 
between the r i ver and Elkhorn Slough. 
The presence of offshore si nks i n addi t ion to the canyon is 
indicated by t he results of t he quasi -synopti c sampli ng and by 
previously charted offshore sedimen t dis t ri but ions (e .g., Galliher, 
1932; Wolf , 1968 ). While the major port i on of the offshore material 
is quite f i ne , it is obvious ly terrigenous and recent in orig i n. 
Sediments with over 50 percent sand si zed ma t erial have been found 
over five miles from shore . 
It i s pertinent to note that no defi nite sinks were revealed 
in the lower bay by smooth sheet compari sons . There are t hus no 
methods ava i lable for quanti ta tively eva luat i ng any of the losses to 
sea. These are t herefore es t imated enti re ly on a basi s of budget 
continuity . To balance the va r i ous ga ins and losses presented in 
other parts of th is section, an annua l average loss of approx imately 
4 or 5 x 10s cub ic yards of sand is req ui red. It is obvious t hat if 
the other esti mates are in error, or if the budget is not i n balance, 
this figure may be meaningless . It is t he author 1 s op i nion , however, 
on the basis of t he apparent rapidity of cut ti ng of the Sa linas sub-
marine channel and the volumetric decrease of longshore transport in 
a southward direction, that the offs hore and down-canyon losses are 
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Accepting the values computed in this section, and assuming that 
the budget is balanced, the gains and losses of the budget may be 
summarized as follows: 
credits (~r) 
Salinas River: 2 x 104 sand 
3 x lOs fines 
Coastline Erosion: 2 X 1 QS sand 
7 X 10 3 fines 
Wind (Offshore): 2 X 10 3 combined 
5.29 X 10s 
oebi ts (~r} 
Minin9: 1 X 1 QS Sand 
Wind (Onshore): 2 X 10 4 combined 
Canyon and 
Offshore: 4 X lOS combined _ 
5.2 X 10s 
This is obviously a forced fit, and assumes no progradation or 
erosion of the bottom in any area of the bay shallower than about 6 
fathoms (the approximate limit of significant wave action). It is the 
author•s opinion that these figures are not completely 1ndicative of 
the relative magnitude of geomorphologic forces in the bay at the 
present time. An estimation of the validity of each figure, and a 
proposed modification when deemed advisable, is as follows: 
1. River Supply: The value for fines is satisfactory as a 
maximum estimate; the value for sand is too large for a long term 
average under present conditions . The revised estimate of the total 
outflow of sediments is 2.5 x lOs cubic yards per year. 
2. Shoreline Erosion: The value is satisfactory as an 
estimate of conditions in the last 20 to 30 years. There is much 
variation from year to year, and in most years there is no significant 




3. Wind Gain: Th is estimate i s t oo small, due t o an under-
estimate of the wind debit. The revised estimate is 10 percent of 
the revised l oss value, or 0.3 x l Os cubi c yards per year. 
4. Min ing Loss: Thi s estimate i s accepted as satisfactory: 
1 x 10 5 cubic yards per year . 
5. Wind Loss: The est ima te is t oo low by more t han an order 
of magnitude, due to the use of summar i zed wind dat a from a sheltered 
location. The revised esti ma te is 3 x lo s cubic yards per year . 
6. Canyon and Of fs hore Losses : The va lidity of this estimate 
is pr·esently unknown. The va lue for t his si nk is subjectively 
estimated as 5 x lOs cubic yards per year . 
7. Addi ti onal: Sources such as new sand der i ved from abra-
sion of the granodiorite and shale, hydrogenous and bi ogenou s deposi-
tion and generation, etc., probably to t al l ess than 103 yards per 
year. Losses from attrition and t rans port arou nd Poi nt Pi nos are 
probably of the same order of magni tude . 
8. Resu l t ant: 4 x l os cubic yards per year t otal deficit, 
thus anticipated erosion of t he nearshore . 
The components for th is sed iment budget for t he southern 
Monterey Bay l ittoral cell are presented schematically in Figure 29. 
It is essential to bear in mind tha t t he va l ues shown are subjective 
and tentative . 
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V. · CONCLUSIONs· AND: RECOMMENDATIO NS 
A. SUMMARY OF FINDINGS 
Detailed and numer ical concl usi ons have been presented at the end 
of each section· and· of· some· subsecti ons . · Some of these conclusions 
are contradictory, fo r they are based as much as possible solely on 
the information presented i n t he part icu lar subsection . An 
has been made to provi de in each case an objective estimate of the 
reliability of the da t a and ca lculations on which these conclusions 
were based . The author beli eves that t he information presented herein 
has revealed many of t he important qeomorphol og ical forces at work in 
the area, has provided a detai led and quite accu rate pictu re of the 
results of these forces as shown by the present sediment patterns in 
the extreme southern end of the bay , and has indicated that changes 
during the past century and even the pas t decade will have a signi fi-
cant effect on the ·future cond ition of t he southern Monterey Bay 
littoral cell. 
The author's impress ion of t hese changes and patterns and some 
· extremely tentati ve suggesti ons· and predictions follow. The reader j · 
is obvious ly· free to · reject or accept them , and has hopeful ly been . 
provided with sufficient background· material in· this report that he 
can reach independent conclusions . 
Prior t o abou t 1906, when the Salihas Ri ver emptied into 
Elkhorn Slough, t he southern · Mo nt erey Bay area was slowly being cut 
back by the erosive forces of wind and waves . Some sediment was 
brought into the area each year by t he Salinas discharges, but most 




southern end of the bay and the harbor . Periodic storms cut back the 
dune deposits, relicts of an earlier geological stage. Most of this 
material was transported offshore south of the major dune field where 
longshore drift downcoast from the .north · was · met by upcoast transport } 
caused by nearshore currents· sweep1ng through the· harbor area and _} 
removing sediment· to the north . Once in water depths beyond the 
normal zone of wave action, this material was · slowly diffused north-
ward and further offshore by the nearshore current systems . 
Along the Monterey Peninsula, slow rock erosion and attrition 
yearly added minute volumes of sand. The steep profile of the rocky 
beaches along this coast prevented any buildup or significant long-
shore transport of this material, and most of it moved offshore to 
depths of 20 to 25 fathoms, very near the source rocks. The Monterey 
u 
Submarine Canyon•s main channel was continuing 
its shoreward progression . Much of the Salinas River output passed 
directly down the canyon, either immediately or by periodic slumping. 
Some of this river-derived sand moved southward and settled on an 
older deltaic deposit of the river . Very little or none of the 
Salinas material moved to the north, due to the dominant direction 
of wave arrival . 
About 1906 the river mouth cut through a retaining sand bar 
along the beach and began to empty at its present location . The 
first few years following this change saw a rapid growth of the delta 
off the new mouth of the river . · The more southerly location of the 
river outfall greatly increased the supply of sand to the southern 
cell, and similarly decreased the immediate down-canyon losses . This 
larger volume of sand moving downcoast slowed down erosion rates of 
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much of· the· southern· coastline~ ·ooe· to - the· dispersive· na ture of wave 
action and li ttoral transport during wi n ter~ much of the ma t erial 
brought into the bay remai ned· near the r iver mouth and was added to 
the submarine delta . As t he del ta con tinued t o grow, realignment of 
the beach · in · response to ·wave action resulted in the l ittoral trans-
port of a greater percentage of each year' s added ma t er ia l away from 
the river mouth both southward and northward t oward t he main canyon 
axis, as well as offshore l ocally . The increase of sedimen t volume 
on the offshore edge of the delta, near the border of the canyon, 
created a condi tion of ins tability , and slumping into the canyon 
occurred. This began to cut a submari ne channel which rapidly pro-
gressed· shoreward through the recently added, unconsol idated material. 
This cut may· have occurred at the locati on of an ancient arm of the 
canyon~ or may have been due entirely -to t he modern outflow. 
Eros i on of the southern bay shore continued slowly throughout 
this period. Sometime about or before 1930, erosion had progressed 
to the staqe where the overlyi ng dune ma t eria l had been compl etely 
removed from the more resi stant Mi ocene shale deposit in the southern 
tip of the bay . At about the same time, ' the increased sand influx 
due to the Salinas River ' s change in loca t i on was fe l t, and the 
shoreline reached a condition of near equilibrium. Shortly thereafter, 
the breakwater was constructed. This had the effect of fur ther 
decreasing the eros ive forces in the harbor area , so that minor 
silting and shoaling commenced . Wave action on the eastern shore 
remained suffic i ent to bal ance the influx of sand from t he north, so 
that the recently uncovered shal e areas rema ined void of sediment . 












The major influence of the Sa1inas sand supply stopped about 
a mile or two south of the southern Fort Ord border. In this area, 
the annual removal of coarse sands by the mining companies, plus the 
consistent removal of sand to the dunes by wind and offshore by rip 
currents ·, nearly completed the ·ba1ance· necessary to prevent signif' 
cant movements of sand further south. The small · amounts of material 
which did continue to move toward the harbor area were mostly carried 
offshore in the area where they were met by material moving northward 
from the harbor under the force of the cyclonic current gyre in the 
southern end of· the bay . 
In 1958, the Nacimiento Dam was completed and the annual sedi-
ment discharge of the Salinas River decreased drastically . The lack 
of annual renewal of material to the Salinas delta decreased the 
volumes available for cutting of the canyon channel and for supply to 
the downcoast beaches . Wave action continued at the same intensity, 
so that the accumulation of material on the delta was slowly cut into. 
The abundance of material in the area near the river mouth, plus the 
reduced but still significant annual influx, has been sufficient to 
maintain a steady supply of sand to the southern coast . It may be 
estimated that the volume of material annually brought into the lit-
toral cell at the present time is roughly similar to that which entered 
prior to the change in location of the river outfall in about 1906 . 
At the present t ime, the beaches may be nearing the end of 
their near-equilibrium stage . The detailed patterns of sediment 
parameters in the southern end of the bay, the reports of sand companies, 
and the seasonal variations in size indicate that at the present time 
diurnal and seasonal variations in textural composition of the beaches 
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are larger in magnitude than · any measurable ne t change . How l ong this 
condition will last is hard to predict ; The dune sands are of suf-
ficient grain · s ize compos1 ti on · to ~ resupply the bulk of the beach sands. 
They do not, however, contain significant percentages of material as 
coarse as · the sands · r emoved by the southern ·mini ng ·compan ies; this 
~ateria1 ~ had · its origin as -discharge from the Salinas River, and its 
continued availability is dependen t upon cont inued river inputs . 
Modern dunes, such as those just south of the ·river, and the delta 
itself, contain immense quantit i es of coarse-s ized materi al, so 
that no immediate falloff in either composition or size of the 
southern beaches is likely. It is probabl e, however , tha t in the next 
40 to 50 years the erosional rate of the beaches and dunes will again 
slowly increase as sand is conti nu ousl y removed by the present sinks 
and the annual downcoast infl ux decreases . It is al so probabl e that 
the beaches will realign themse l ves to account for t he changed condi-
tions, and that longshore transport will be decreased significantly . 
Storm eros ion , mining, and wi nd transport will all continue , as will 
down-canyon and offshore l o~ses ; It may therefore· be predicted that 
the beaches of· southern Monterey Bay will cont inue t o move shoreward, 
and that the texture of the beach sand will become finer. 
B. COMMENTS ON METHODOLOGY 
1. A detail ed, cl osely spaced sediment sampling prog ram carried 
out in a l imited area has proved t o be of extreme value i n the 
interpretation of geomorphological forces in a much larger area. 
Without the close sampling, only very general pa tterns of distribution 
parallel to the i sobaths have been previously shown for t he southern 













parameter patterns has in this case revealed many anomalous areas 
and features which · are extremely significant for the bay's history 
and future. While heavy-mineral analysis, use of different types 
of sediment statistics, or other procedural modifications might have 
helped in the overa11 interpretation, the standard textural analysis 
and Inman parameters used have proved entirely satisfactory in 
describing this geological suite for the purposes for which the 
information was required . One indication of the value of this type 
of areal analysis is the good correlation obtained between the sedi-
ment patterns of today and the dynamic forces in the area as estimated 
from several completely independent methods. 
2. The techniques used in the sediment budget estimates are 
generally well known . The lack of more certain values for the ) 
budget components is primarily due to the incomplete nature of the 
input data needed to compute them . This study obviously provided only 
an extremely rough first estimate . It is believed that the conditions 
as summarized are real, and not a product of the computations. More 
careful study, better data, and more thorough analysis are required 
to confirm the predictions of nearshore changes in the southern bay. 
It is the author's contention that further study is warranted in the 
interests of future planning and conservation . 
3. An attempt has been made to provide sufficient informa- · 
tion and data in each section of the thesis so that the work may be 
repeated, or at least so that data sources and information may be 
easily located . The subjecti ve conclusions presented in this section 
are solely those of the author . 
independent conclusions, so that 
Each section of the paper ha _\ 
a reader may make his own appraisa)/ 
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(~of the val idity of ·each porti on as well as of t he final subjective synthesis . 
4. It must be at l east bri efly noted that the longshore sedi-
ment transport figures were based upon refracti on ~oeff1ci ents deter-
mined using C & G.S. Chart 5403. The smooth sheets on which this 
chart are based are at least 15 years ol d at the present t ime; in 
many critical areas, such as the Salinas Delta area, a detailed 
bathymetric survey has not been conducted since 1933-1934 . Changes 
which would be revealed by new surveys, and calculati ons based on 
actual present -ba thymetry, could easi ly yield results which are 
significantly di fferent than those presented in this study. 
C. RECOMM EN DATIONS 
In the belief tha t further study of the sand budget of the southern 
bay is warranted, the following spec i fic suggestions for in it ial 
efforts are suggested . These recommendations are for projects 
designed to provi de fairly rap id verif ication or rejection of the 
hypotheses of this initial study. 
1. A carefully controll ed bathymetric survey of the Salinas 
River delta would indicate the magni tude of ·r iver input since 1933-
1934, and any additional growth of t he Sali nas submari ne channel . 
According to the hypotheses of this paper, the delta should be 
slightly larger than i n 1933-1934, t he channel should be si gn ifi cantly 
larger, and peri odic time surveys shou ld show decreases or at least 
stagnati on in del ta size . 
2. A quick survey of the vo lume of sediment reservoired 
behind the Nac imiento Dam should verify or refute the postul ate that 
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3. Heavy mineral ana1ys1s of offshore sediments tn the 
southern part of the bay, par t i cularly near· the Peninsula and in 
the area south of Fort Ord, should help to indicate provenence of 
the material and thus provide a better estimate of direction and 
magnitude of nearshore t ransport . 
4. Scuba surveys of the nearshore shale outcrop and the lobe 
of medium sand northeast of ·it should elucidate the nature of the 
depositional and transportational environments in these two key areas. 
5. Each of the portions of the budget should be reanalyzed 
and recomputed, preferably by different investigators for purposes of 
{ 
objectivity . Much data are available for most of this work, but time 
and personnel ·must be provided . However, field measurements of winds, 
river discharge, and other quantities are needed before some component 
of the sediment budget can be significantly refined. 
6. The sediment samples collected in the southern bay for 
this study are the most closely spaced for any marine geological 
suite known to this author . They are believed to be suitable for 
further analysis, either using different types of sediment parameters 
or· by entirely different methods, such as trend surfaces . The 
textural information on all of the samples used in the study are 
available in the appendix, and -also in digitized form at the Naval 
Postgraduate School . The samples themselves have been retained. It 
is believed that further analys is of these samples can be fruitful 
for studies both of the area and of basic sedimentary processes . 
7. Carefully collected and analyzed time-series beach sand 
samples from a period of a year or more would improve or modify the 
conclusions of Section III . While the sand-company data, both 
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objective and subjective, have been -of extreme va l ue t o th is study, 
. 
controlled sampl ing could be of great ass i stance in i denti fying iong-
term textural modifications and in separati ng t hem from short-term 
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FORTRAN IV language computer program using uncorrected 






























THI S PROGRf.'-1 lJTILI7.::<; UNC CRRE CTE D CUMULATIVE WEIGHT DATA (JNC_illDING SA~DL E 
2AlL~£ .. U;.t:L!- l- TfJ D!:T r.=~"' INE SilE FRACTION WEIGHT, CUMULATIVF--w-fiGHTyA~COMI.J~ 
LATTVE PERCENTS F O~ ANY NUM~ER 0F SEDIMENT SAMPLES. THF PRr~RAM ~LSO CALLS 
A S.!l.li R \lU T I 1'-1 E _ _wJj 1~C~DJ?..A-W_$_CIJ-~U-L-A-T-I-V-E-E.B.£.QllElfC__'L_G RAP t:LS-.0 F THE SAM P L E • G P. A PHS AP~='LJN Two- s-c-ALFS: 1:-4.0 MM AND Cl-.5 '"1M, OIIJ .A.RIIH"~ETlC ORDINATE. 5TH,l6TI-l, 
5fTrl,84TH AND g5TH PE ~CENTILE LINES ~RE ALSO PLOTTED TO AID IN DETERMINA-
TI ON OF SEDIMUH PERC[ NTILE VALUES. THIS PRIJGRAM C.AN HANDLE ELEVEN SIZE 
FPtCT I ~ NS PER S~MPL F. . MAJOR VARIABLES HAVE THE FOLLOWING ME~NINGS: 
LAB~L , MABEL = ~OL LERINTH LABELS FOR GRAPH 
ITITL~ = TITL E '1~=' GRAPH (TW O LINES, MAX!MIIM 48 CHARACTERS EACH) 
X= DIAMETER OF SIZE FRACTION (SIEVE SIZES) 
NO · = NUMBER IJF S~MPLES TO BE RUN 
Z,U,V,W,Y = DUM"'Y VARIABLES USED TO DRAW PERCENTILE LINES ~ NU-.,BR = SAMPLE !\JlJMP.ER 
SAMPWT = TNFUT VAUJ':: OF CUMULATIVE WEIGHT AND ,s..A.M.e.LLE_P.N ,z_,.Jv 
WTSIV = OUTPUT VALUE OF WE IGHT OF RESPECTIV ~ SIZE FRACTION 
ClJMWT = CUMULATIVE SIZE FRACTION WEIGHTS 
CUMPCT = CUMULATIVE SIZE FR ACTIO~ DFRCENTS 
XlO = SCALE D FR AC TI ON · DIA"1ETERS FOR. EXPA.NDEO GRAPH "1_ N t ~i!:.;'lD 
CUMlO = SCALED CUMULATIVE PERCENTS FOR EXPANDED GRAP ~ o 
DIMENSION AND SPECIFY V~RIABLES, RE~D GRAPH TITLE AND SIEVE SIZES 
REA L*8 ITITLE(l2l 
REA L LABEL/4H I,MABEL/8H I 
0 I MENS I ON X ( 12) , -H 2-0 h Y+z-c- h W ( 2n-J , SAM PWTC 12), WT S IV ( l 2) , CUMW T ( 12) , 
>l< CU"'PCT( 12) ftlf2C), V ( 20 ), Xl O ( 8) ,CUMl C! 8) 
PEADl5,2C) ITITLE!I l,I=l,12) 
..... 11.< 
']) 
20 FDRt-I AT( 6A8) 





X ( 1_ ) =4. 0 
R E /, D ( 5 , 1 l ( X ( I I , I = 2 , 12 l 
FORMAT<llF6.4) 
DE-VELOP VALUES FOR f:'t:R.CENTILE LHlES ON GRAPHS 
z ( J.) =0. 0 :\ ? ;!'(_ ) • ~ 
DO 100 1=2,20 . 
Z(I) = Z(!-1) + .2 
DO 101 I-=1,20 / 
U<Il=5.0 
V ( I l =9 5. 0 
W(I)=l6. fi 
Y(I)=84.0 
, Jf IJ ._ 




···: .: ' i " ' : 









'. J/' \ • ,t ,_I .tr.. ~ • 4 ' L ' 
I I ~~ • 1: 
c 
c 
SPECIFY NUMBER OF SAMPLES FOR THIS P.Uf\1, REAl') I"JPUT VALU~ S , COMPUTE OUTPUT 
1 f . ) 
_ Nll = (NUMBER OF SAMPLES I 1-- ><(!--.) \I 0 (J" 
DO 96 l = 1 ,NO -~ .s,,., 1/,o 
./ R F. h [) ( 5 , 5 I NU M 8 R ... ~ ~· 5 FOPMAT( 16) •. 
REI\0(5,2) (SA~PWT( I I tl=l,l 2 l 
2 FORMAT!6FlC.4) 
___ CUMWT(l) = u.u 
DO 99 I = 2,12 ..--
WTSI\1-f It SA M.R.\.LL( I I - s-~~F- wT ( I-1 l 
"} ...__J 9 CtJMWT( I) = WTS JV( I) + CtJt-4WT ( I-1) 
C U,_., PC T ( 1) = 0. 0 
\ :_ DO 97 K = 2 ,12 t3 ,LJ CU~PCT!K). = (CUMWT( K) I CUMWT(121) ~ 100. 









~ 1-o ~All DRAW(2 0 ,Z,Y,l,'),LABEL,ITITLE,0.5,1C.O,I'), 0 ,2,2,8,l O,l,Lt) 
N CALL DRAW(20,z,w,2,0,LABEL,ITITLE,0.5,10.0,0,0,2,2,8,1C,l,LA) 
CtLL DRAW(2C,Z,V,2,0,LABEL,ITITLE,0.5,l0.0,0,0,2,2,8,1C,l,L~) 3 CALL DRAW(8,XlO,CUM10,2,5,MABEL,ITITLE,0.5,l0. 0 ,0, 0 ,2,2,8,lO,l,LAl 1 ,_CALL DRAW ( 8 , X 1 C , C I J M 1 C , 2 , 0 , LABEL , IT IT L E , C. 5 , 1 r• • 0 , 0 , 0 , 2 , 2 , 8 , 1 C , 1 , LA ) ' 
( CALL ORAW(l2,X,CUMPCT,2,C,LABEL,ITITLE,0.5,1 0 .0,0,0,2,2,8,1C,l,LA) CALL ORAW(~2,X,CUMPCT,3t f tMABEL,ITITLE,0.5,l0.0, 0 , 0 ,2,2,8,10,1,LA) 
WRITF:(6,50)NUMBR ' LE~AU, 
~0 50 FORMAT('l'rT8,'SA~PLE NUMBER' ,!6) -) 
' WRITE(6,53 
\ O<> 53 FORMAT(///,Tl3,'DIAM (MM)• 1 T26,'SAMPLE WT 1 ,T42,'WT IN SI EVf',T55, / 
*'CUMULATIVE WT'-,-T-7 0 , 'CUMULATIVE PERCENT',/ I ~ L 
·WRITE(6,51)6AMPWTCL) ) 
o 51 FURMAT(// TlT 'WEIGHT PAN',T21 Fl5.6) \\ w R I T E ( 6' 52 ) ( X l I ) ' SA MP w T ( I , ' w T s I v ( I ) 'cu MW T ( I ) ' cuM p c T ( I ) ' I= 2' 12 , 
\• 0 52 FORMAT(//,T6,5F15.6) 




" ~ ~ 
P'l 
IJ.I -, 5 I v " S .. "' ~,J-J 
~· ryJ\ ? a\ ) 




C EXAMPLES OF TITLE, SIEVE SIZE, AND SAMPLE VAL IJE INPUT CARDS (THE FIRST 
C FIVE 01\TA CARDS IN TH~ DATA DECK) FOLLOW: 




c USER NAME DATE. CUMULATIVE FREQUENCY SEDIMENT 
SIZE OISTliBUTION (MILLIMETERS) SAMPLE NUMBER 
3.962 1.981 0.991 0.495 0.351 0.246 0.175 0.12~-0.088 0.061 c.cco 
1 10.0462 10.0462 10.0728 10.1482 13.0220 24.0511 




I '- t'\ • t. 'f"l 
'' .
-
'' • I 
'1 '' I 




FORTRAN IV lan~age computer program using 
percentile values in millimeters to convert 





















THIS PROGRAM USES DATA DERIVED FROM THE GRAPHS. INPUT VALUES OF PERCENTILE 
DIAMETERS I~ MILLIMETERS ARE CONVERTED TO PHI VALUES~AND THE DESIRED INMAN 
PARAMETERS ARE COMPUTED. IMPORTANT VARIABLE~ ARE AS FOLLOWS: 
NUMBR = SAMPLE NU~BER 
DIAM(l) = PHI(ll =DIAMETER OF 95TH PERCENTILE IN MM AND PHI UNITS 
DIAMC2) = PHI(2) = DIAMETER OF 84TH PERCENTILE IN MM AND PHI UNITS 
DIAM(3) = PHIC31 =DIAMETER OF 50TH PERCENTILE IN MM AND PHI UNITS 
DI AMC4) = PHI (4) = DI AMETE R OF 16T H PERCENTIL E IN MM AND PHI UNI TS 
OIAM(5) = PHI(5 ) = DI AME T ~ R OF 5TH PERCENTIL E I N MM AND PHI UNt~TS 
ME DIAN 1 MEA~, DEVIA, SKE W! , SKEW 2, AND KURTOS = ME DI AN, ME AN, ~ 1ST SKEWNtSS, 2ND SX EWNESS, AND KURTOSIS RESPECTIVELY 
DIMENSION ~NO SPECIFY VARIABLES 
REAL MEDIAN MEAN KURTOS 
DIMENSION ofAMC5l,PHI(5) 
r NO= (NUMBER OF SAMPLES TO 
--uo 96 L=l , NO 
READC5tl)NU~BR,(DIAM(Il,I=l,5) 
1 FORMAT(I6,5Fl0~6) 
AND READ INPUT DATA 
BE RUN) \\ l.l'"" c.:J .s 
: 199 
CONVERT FROM MILLIMETERS TO PHI 
DO 99 1=1,5 













SKEW2=C0 . 5*CPHIC5)+PHI(l))-MEDIAN)/DEVIA 
KURTOS=(0 . 5*(PHI(l)-PHIC5)))/0EV I A-l.O 
WRITE(6,2)NUMBR 
2 FORMATC 1 l'lT8 1 1 SAMPLE NUMBE R1 ,I6) WRITE(6,3) DIAM(It,PHI(I),I=l,5) 
3 FORMATC//,Tl8 1 1 D-95= 1 ,T24,Fl5.8,T60, 1 PHI-95= 1 ,T68,Fl5.8 9 //, 
*Tl8,'D-84= 1 ,Tl4, Fl5. 8 ,T60,•PHI - 84=',T68 ,Fl5.8,//, 
*Tl8,'D-50=•,T24,Fl5.8,T6Q,•PHI-50= 1 ,T68,Fl5.8,//, 
*Tl8,' D- 16= 1 , T24 , Fl 5 .8,T60 , ' PHI- 16= 1 , T68,Fl5.8,/ / , 
*Tl8,'D-5 =1 ,T24,Fl5.8,T60 , 1 PHI-5 = 1 ,T68,Fl5. 8,/) 
WRITE(6,4)ME DIAN,MEAN DEVIA,SKEWlrSKEW2,KURTOS 
4 FORMAT(///,T33, 1 PHI MEDIAN DIAMETER= 1 ,T60 ,Fl5. B,//,T33, 1 PHI 
I i, I • I 1 • • , < • 















• r .. I" f ~ I t 
~ D I ~ MET ~ R','=',T6C ,F15.8,//,T33, 1 PHI DEVIATION ~EtSURE=', 
•T60 ,Fl5.8,/I,T33, 'PHI SKEwNESS MEASURE=' ,T6::l,F15.8, II, 
*T33, 1 2ND P~l SKEWNESS MEASURE=',T60 ,Fl5.8,//,T=3,•PHI KURTOSIS 




EXAMPLE OF DATA CA RD FOLLOWS: 
1 0 .11625 0.160 0 0 .21875 0 .3175 0.42875 
••. t J 
' ' 
'I 
AP PENDIX C 
Summary of size f raction weights of samples 
collected for the quasi-synoptic areal survey . 
This list does no t include samples designated 
as rock or samples run by pipette ana lysis. 
Column entitled Pan Si ze is diameter of sieve 
in mil limeters upon which the noted weight 




' ( \ o ,. a l ', t j. !, •'! 
' . 
• I 
SlW'A ARY 'J F <;A MPL E \oi F IG HTS 
PAN SIZ E <; .~MP L F NIJ'-IA~R 
l J 
' 
4 c; f:: 7 f (' ' -
3.96 2 ~ . o 3, 5fl Cr; 3 . 94 '19 ~ 
' 
') . (' ').~ ~~ . 0 "'. ~, "' -; 1 '> /., 2 ..., ~ 
' · 1. 981 "~ .0 :'6f 0 . ·">n'?R \' . ()?8 1 f) .. " ~ .. '.) ') , .: 4 2R (' .I') ' AS ') '• 1 f:: l 3'356 "\ ,· '1 4 7 
·J . 991 0 . () 7')4 0 .1 J 4 5 ~~ . 1'>46 1) , " 46 2 '1 ,0 f> 79 1) . lP 34 : . 892'5 :; ') •" ? f. 3 3P"3 n • . 748 0.495 2. 8738 1.1624 1 .6 3A6 o. 1'20° 0 .1944 '3. 1 ') 4•: l. 3'? 64 1 . 41 C• 1 l9 94 2"' 0 91, 4 9 0 .351 11.0291 7.1'317 1.71\49 ') . 1 9 15 0 . Z f:l':' 2 '3. 2 15 f: '1 . 4 "12<" ? . ·:,)C: P'l 7 . 8458 5 36 69 0.246 26 .6483 30 .2529 10.2!'5 1 3.2719 ) . 719 0 2. 1 9Y' 5 . 8 ")7 2 5 . 2?6 1+ 6.5298 2 0 -4147 
0 .17 5 54 .7973 52. 93 14 39 .76 57 27.2874 4.5320 2 . 3r 92 39 . 3315 5 . l.t7'37 (, . 8'i4 1 6 8 . 4'364 
0 .124 2C .03 51 16.5446 20 .791 5 17 . 0 1')4 14.11 62 2. 89 21 26 . 24c 7 1 5 2 3~ 2. 78r 22 -~ 969 0.088 3. 9163 3. 85 62 7. 66 74 7 . 4'1')8 12 .84 97 1. 48 'i6 7.0'->79 -) 2 10 l r .349 7 2. 9'll., 
0.061 1.0948 1.1184 3. 95 0 1 1. 94')8 3 .1 98 3 0 . 2 57 2 l. 45 JlA "' -"' 547 ~ . OA78 c , f::9f+ 1 o.o 2.1725 1.5Q04 3 ~· . CJ 398 2- 3 0 CJ~ 2, 598 7 O, lR 5R l. 6979 0. '· 6()9 .~ ~ 1("3 1 1.' •"': 7 6 
PAN SI ZE SA'-IPLE' "JU'-IBER 
11 12 13 14 1 5 16 17 ~8 10 2 ~ 
3.CJ62 r . o 0, 1) ~ " 2. ) 2 87 o .o 0.:- ·; . 0 " "\ ,.. 0 [\ 24 C: O U • ....J .; 
1.981 l . C' 0 .1227 '1 . 0999 c . 89CJ5 ·) . 0 0." 0 . 0 " n 0 -. O<;l 7 0 . 1 1 7<; 
0.991 0 .083 2 0 . 2762 0 .4439 3. 7219 :) .0573 o. r 2()0 ~ . 09 C 8 '). 1 :: ·J l i:' . 11 9'5 ~ :?516 
0.495 1.0635 1.2241 1. 80 91 S0.7572 1.4120 ').6531 4. 4 7'i 5 1 . 3 1 34 :'. 6956 1 444 .) 
0.351 2.9164 2.6742 3 . 1899 55,4266 4 .36 19 3.7069 10 . 8739 4 . 92 C:4 1. 36!3 5 3 . ~ 636 
0.246 14.8814 14.6865 13. 0 17 8 3 6.7939 14.1 8 45 11. A4 91 1o . 1 '351 ,_ 3 :" 0 93 5 , 647 2 13.85 1 6 
0.175 57 .968 5 66.8869 55. 14 77 16.61 n 46 .3 309 3 ~. 8 ':: 1 6 24 . 9?54 26 75 32 ?9 . 27 89 4 0.30 62 
0.124 27.364 8 32.4 642 38.97 ')(' 4.4217 42.2892 ?. 2. 9 8 77 ?9. 457 8 2 1.4 952 ? o , 4 8 7•'• 1 8. 5998 
0.08 9 8.3841 7.9732 16.4633 1. .) 501 17.1772 9.2513 23. 4 236 1_1"). 92 8 1 13.6251 5.6 () 7 8 
0.061 1.9128 1.3234 2.6191 o. 3146 3 .5 J15 2.6175 5. 64 7l 2 . ? " 59 2. 4762 2. R6 4 'J 
o.o 2.3404 1.3667 3.31) 74 o . 3211 5 .15 3 1 3. 4 0 90 9 . 3'? 27 2.5321 3 . 3163 6. 5869 
-...1 
U1 
PAN SIZ ~ S~MPLE NUI-1E'.ER 
21 22 23 24 25 26 27 28 20 1 i 
3.962 (•. 0 O.'l 3A. 1258 6.4764 o.o o . r. o . o 0 . . :: . o r . r 
1. 981 0 .137 8 0.3882 0 .370 9 0 . 6419 () . 0627 0 . 0 412 n . o1 75 0 . ·! 4 7') "'. 0 () ,(' 
o.q91 0 .2326 2.7246 0 .47J3 o. ) o . 7301 0. 8764 o. 3 ') 78 l. '->392 /). 158 4 0.19 7 6 
0.495 2.0652 9.8464 1.075 3 o. o 6.4584 q, 9090 3. 0114 35 . 972 7 ~.6286 5.9 5 61 
0.35 1 6,9963 6.1 346 t. 2933 o. " 21'\ ,9 631 21.8365 5. 5 26 8 46 , 7 6 14 1 6. 0873 2 2 .1 961 0 .246 20 .2616 8.5196 3.877 6 0.0 44 .604 3 33.4989 11.7131 4 8 . 611R 39. 8551 4 0. 1638 
0.175 39 .56 92 17.6561 6 .3 339 0. 0 38.9522 3 5.71 93 '31.2 633 51. 1,46 9 111 . 166 1 2 9,1 P'l4 
0 .124 15.7400 21.31 08 2 .85 82 o. o 6.4864 18. 154'>, 4 7. 11 6() 14. 96 19 9. 4 57 7 7 .~" 564 
0 .088 7.6239 23. 6462 1. 294 7 o.n 0. 6889 7,9435 30 . 144 5 5 . 0(' 92 1. 40 2 C• 1.4147 
0 . 061 4.8112 7.3726 0 .35 12 '1. 0 0 .064 1 o. 9320 3 . 7771 (). 64 7 3 "~ . 264 S ('. 1 29 9 
o.o 10.4291 12.3139 0 .4454 O. J () ,0577 0 . 28 15 1. 887 5 0 . 15 16 f' , 3? R8 o .cn 88 
PAN SIZE SAMPL E NUMRER 
31 32 33 14 3'5 36 37 Vl 39 4 0 
3.96 2 o.o 2.1124 n.c 0 .40 15 3.6735 7.7573 0 .0 f) ," " . 0 o. r 1.981 o.o 2.429A o •. o 0- 7561 0 . 2160 8.4 0 36 o.o (I " .-. •. 2" 1 7 0 -"' 478 .0 .991 0 .1 353 18.550 8 .') . 03 0 8 0. 4883 0 .2799 6 . 7961 1) ,0 '5R6 1') , '1 49"' r.. 3 6 7 8 0 . 26 !'7 J.495 4.9164 24 . 721'5 ') , 1302 2- 2577 0 .5545 4. 57'1 5 o. sun ') , 3Pl'5 4 . 4 '3 8 9 2.5.,87 1) .351 2 1.26 06 20 . 4 0 64 () .66 3'3 2. A 3 A3 3 .30011 3. 2686 2. 327 0 o . 75 65 7. 537 ('• 7 . 14 Y' 1) .24 6 42.2 506 35.78 36 4,6 538 1 '). 10 32 3 1.579 1 7. 77 36 1 '1. 2 ) 5~ 3. 2712 15 . 53 29 l 9 . 8'5 'i? 
a .t7 5 36.1310 ? 7.'5 9 84 19 . 0759 30, 2742 46 .667·) q , 6 15 8 27. 7477 20.S2f' ' 22 . 0l..94 14.~464 
I) . 124 9 ,8563 17. A53'3 18 .6626 31.l688 9 .9 A43 3.9'550 2A. 2985 55.0155 3tl. QP39 2 9. 6 737 
0.08 8 1.8633 4. 873A 3 . 8275 20 . 3440 3 .61 38 1. 7541 14.9 321 41.~110 3 ~. 564 1 l 7 .fl 7 1' '> 









0 .24 6 
0.175 
0.124 






























') . 991 
0.4°5 
1) , 351 
0 . 24 6 
o. 175 
0.12 4 
0 . 0810\ 
0 . 06 1 
0 . () 
41 
'i.'i0!7 
2 .656 3 
4. 2668 




1 5 .07C5 
15.0705 








3 . 7555 
10.6179 
37.9944 


















3 . 0939 
29.9460 
1 9 .6953 
13 . 9878 
13. 10 44 
• l .• 
7 . 9455 
2 .1 315 ) .5265 




l,R fl 7 1 
o .q cq 3 











0 . 0 354 
0.2391 
1. 97 0 5 
5 .1 981 
7.6303 
26.197(') 




0. 2 100 
0.2303 
6 . 0 695 
57.6189 
30.3261 
1 .. . 79 90 
A. 2 694 
5.44l6 




7. 0 515 
46,3'390 
81.377 11 






0 . 00 81 
0 . 0 1 91 
4 3 
n .09R" 
:1 ,099 7 
J .2 37 2 
"1 ,3G44 
0 . 257R 
4 .0447 







.; • 0 
C•. 0216 
0 .1 0 52 
0 .1622 
o. 355 0 
1.490 8 
22.1527 





J . 0 146 
·J . 58 C' 5 
24.8431 
45.8AR 3 
35 . 67'59 






'} . ') 
J. 31 99 
1 0 . 8D4 





.~ .1 477 
') . 0 777 
"' .1 4 8 2 
Slllo1,.,ARY 'lF SA MPL F WEI GHT S 
SU1Pll= NIJ"'F'I f' R 
4 4 
o. "\ 
o . .) 
0. '1 434 




14. '19 4"· 
40.9524 
14.4855 
4 , 5307 
4 '; 
4 ,6 q'5 7 
0 . 0 
o. o 





;.) • 0 
o.o 
1). 0 









2 7. 8543 
'i2. '39 2 '5 








0 .27 98 
7.07 0 5 
55.3()5q 
39.1 585 

























1. 537 3 
0.5949 




3. 15 ~ 5 
6 2. 675 8 
~6. H 11 
9. 513 4 3 
6 . 7135 
3. 3061 
c. 'if\9 8 
') . 1 36'3 
c. ')4 7 fl 
7 5 
3,0729 
17 .5 "167 
74 .470 1 
80 . 51 9 7 
22 .0693 
1 '5.4"7 ·1 
6 .43"6 
.1 . 9%9 
0 .1 331 (' . 0 192 
::1 . 0643 
t I ,' ( 
4() 
83 . 33 7 2 
17,.,1')7 
17.1767 
l6. C' 73r: 
4. 1 ') 95 
2.P182 
1,711 12 
1. 1 fl 88 
!),9829 




') . C 
.),('915 




55 . 9232 
46.8113 
13.4814 
1 •:l. 9978 
66 
2. 6 179 
18. 2935 
8 7 , c 820 





0.1 0 71 
1),('2 17 
0. C. 41 5 
76 
'). (' 
) . 0 1 4 5 
7. (: 7 ()5 
41) . 1431 
2 4 .1 8 4 8 
2 2 . 95 77 
6 . 26 95 
•1 . 5363 
1) . 1.659 
::J . (' f:,70 
').1t35 
47 
5 l.A 2 15 
0
.4lf\l 
0 . 0 ) .0 
0 . 1) 
0 .0 J.o 







0.0 7 1 "' (' . 59()6 
'5,3719 
2 1. 57 8 3 
6 8. 2911 





1 . () 
1.64 '; 0 
3 2 . 51 '32 
64. 4 668 
9.61 3 7 
5.77 2 '5 
2.1':1'56 
".36 ! 2 
0 . 0765 
J .0245 




.? . 076<; 
34 . 565 5 
25 . 9l?2 
15 . 8'143 
7. 2541 
2. 07( 3 
:' . 4 'l77 
r. 2 '6r 
.:; :2-+11 
4<> 
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:1 . 08 8 23.3486 10. 2 944 27 . 44 30 23. 2 397 29.0 89 3 36,44 86 34 . 8959 16. 2 6 51 ?<L 0665 15 . 31 ) 0 
o.061 3 . 59 35 1. 447 8 '5 , 1\133 2. 9617 2 .830 2 3. 81 18 3 . 704 8 1 . 6337 3 .348 7 2 . 4 85 7 o. o 1. 2454 C. 6 700 1. 49 14 1) , 9642 1.2 80 7 1. C'514 1.0680 0 .56 3'5 1. 468 3 o . 95 41 
PAN SIZE SA..,PLE NUMR ER 
229 23G 2 31 21?. 23 3 234 241) '? 41 24 2 245 
3 . 962 c.o 0. () o. o o . ~ o .o o. o 0 . 1) 0 . ':' '577 " .146 3 G • ,· 1. 91'11 !) , () 0 . 0 134 0 .0"3 8 0 . C: 380 o. o o . c J. 6B 0 . 01, 3 0 1) , 1'\ 8 4 5 C. 0 1'5 2 0 . ~ 75 4 3. 991 0 .0~ 23 0 . 1339 '1 ,C47 2 o . ]4')7 I) ,Q 54 A 0 . 1119 " · 794 1 " , f, QQ 6 II , 4 3? 0 0 .47 1 6 0 . 495 0 . 26 4( 1. 2 88 7 :) . 3 2 ') 5 1. 15 79 o . 779 5 1.36 36 4 .2 !-. 37 1 .5 0 ~ 6 ':\ . 82 2 5 1. ~ 6 1 6 0 . 351 O.AlA2 2. 1) 7Q 6 1.1 847 2,775 8 1.0 397 2. 77)3 8 . 4 69 '"1 l . 11 64 2 1. 'i 25 '5 '),l. 4 3~ 0 .246 4. 952 2 5. 8 3 88 5 .8 29 4 12 . 46 '> 7 3. 81 2 4 1 '5 , 4 6 '57 '2 4.9 66 8 3 . 1A4 2 58 . 7! <; L. 1') , ? 7 77 0 .175 3 4.5570 17 . 4'55 3 66 . 4 6 53 4'5 . 1)6 44 22 . 2213 79.7 50 1 76.8 59 11 2 1 . 79 54 '56 , 39 A3 8 . 45 ! ~ 0 .1 2 4 34.2 93 4 19. 2 34 5 53 . 99'57 ':\ 6 , 14 16 5 fl . 5')8 Q 4 7,4 64 2 4fl .54°9 ;? 3, ,. r· 8 1 ,_ 11 . 442 1 7. 6 ':\ 8 4 0 . 0 88 7.6 377 4. 3 414 1') . 9643 7. 65 77 16 .1786 10 . 77 80 24 . 91 54 9 , 75 91 2 . 5 26 7 1. ,_ 11'11 0,061 0 . 7588 0 . 54 '5 9 1. 33 6 2 o . g 2 2') 1.979 4 1. :?? 18 1. 9 8l'J ?. . ?. 47 6 " .32 82 O.lR ':\5 o . o Q,5R 36 o . 5 734 1. 0 114 0 , '54 (\6 ~" · 8 'lG6 ') . 71 64 ':' . 4 517 3. 1506 ~ . 3 14 A 0 . 2 '56 
SUMMARY OF SAMPLE WEIGHTS 
PAN SJZ~ SA"'PL F ~lUMBER 
246 ~4A 249 2 5(1 251 253 2 54 ~55 25t- 2C: '" 
3.962 o.o o • . l ~' ,(\ 0.181'11, 1.0 O. C' o.o 0 . '"' ""' .0 6~9 Q • • _-
1.981 8 . 0 0.053 6 ') .1326 0.9067 0 .038'5 '),(' 1).0637 r:l,, 0. 1774 c. 2'5 39 
0.991 0.23('5 '),23AO ,') . 2621) 1.1792 1.6231> 0.671 r: 1. 5272 0,1463 "' · 8C'!·9 0. t A 2 4 0.495 4.~735 0.743 3 0 .7813 3. 45 56 3.1661 1 9. 94 71 1B.5193 2.6364 1. B125 0,'512B 
0.351 16.BB1 0 2.'!'179 2. 13°1 8.4703 1.2415 27,f'AA6 30.7155 6.9901 1. 3':77 0 .6157 
0.246 65.21B5 21.cn~'S 7,3458 2 9.81)31 3.5816 34.9856 50 .9'557 13, 0 '571 2. 646 '".: 1.4 36 7 
0.175 75.6474 89.1803 14.B393 '5B.4B27 27.1551 36.5357 32 .612 5 20. 2 19 2 9.1544 3. 2'. 86 
0.124 16.133 3 32.'5471 8, 4 399 26.4561) 48.093'5 17.8840 9. 63C 2 19.69'5 5 35. 1425 a. 2 914 
o.OB8 2.7248 6.9541 1.1728 4.5933 28. 9)75 5. 2865 3. 6?2 4 0, 817 2 42.8614 2 7, () 622 
0.061 0.1838 0.6404 0 .1947 1. 1986 3.550"'1 0 . 69 44 0.6 ... 9 1 1. 865 B 6,2935 8.2?33 
o .o 0 .1019 0. 3 68 2 0 .1223 1. 1245 2.520.2 0.3413 0.769'1 O. A24l :'.9151 1 1. 2228 
PAN SIZE SA"1PLE NU>.!BER 
260 261 262 266 267 26A 271 274 275 276 
3.962 o.o O. J o.o o. n o.o o.o 0.0 ').J I) ,C 0 . ': 
1.981 o. c 0.') 0.0 0. 0 569 o.o o. o G.O 0.1416 1",1038 o.r· 
0,991 0.0209 0 .0067 o . 1923 1. 5270 0.4.S613 O.C5'59 2.5213 1.5923 1.6685 0.1817 
0,495 0.6177 0.2076 1.4703 22.9579 1.5d18 1.27B6 77.70(' 2 7Q,C}227 14 . 9467 5. 95 (' 9 
0.351 2.5198 1. 8958 '5,9961 22.40 75 ;>.884~ 3.1794 51.531 0 39.9319 18.3386 2 2 ,4i'61 
0.246 9. 94BB 11.5711 B. 2595 21.7050 4. 8730 a. 0980 27 .4 5 3 ~ "32 .144 1 23 .0 773 29. 6 <;11 
0.17 5 24 .95 20 3 5.2460 26 .7654 29.6686 19.7474 3 6.94B8 8,4986 17. '5633 16.86~7 12.4 ":0 'l 
0.124 21. 64 38 19.30BC "B. 12'52 12. 61 57 36.7718 23. 52BB a. 9·!3 1 2.6623 3. 5676 1.4938 
0.088 6.4262 4. 926B 9.1684 1.9307 12.7369 , 1.4126 0.4362 1.3821 1.5331'1 0 . 3°~ 1 
CD 0.061 3.1858 2.0019 2. B653 o. 5452 1.4117 4.80 99 0.212q 0.7899 '),2954 0. 0 922 
0 o.o 5.1434 3.4762 2. 7326 O.A763 :>. 7137 3.6804 0 .1392 0 . ~ 788 0 .2758 ') . 1' 8 26 
PAN SIZE SA"1PLE NUMBER 
277 278 2 7 0 28 6 2B7 2 8A 289 ?.O l 292 293 
3.962 o.o 0.1) o. o O.') r.o 5 .17 65 3.33 32 1. ~Bo7 3 . 7 587 o . ~  
1.981 0 .0203 0.1) :- .o o. ') o.o O.l9'5B 0 .1713 I) , ') :"1 ,21 99 o. c 
0 , 991 0 .284 4 0.4513 0 .1662 o. 10 79 1) ,0 2"2 0 . 2372 1. 11 38 o. 02 l'i 1'. 1 7~ 0 0 . "12 7 
0.495 9.6761 13.2040 13.3745 0. 2 970 0. 5 899 3.5 386 9.3304 0.331'9 O.A9'57 o. 1 7 6 r; 
0,351 33.2721 10.1185 10.6412 (),9255 3. 8 1+5} 10.0672 11.3313 1,7874 2.8981 o. 7 21 7 
0,246 38.9631 n.3635 6.5292 5. 2967 9.227 1) 6,65 07 5.5131 '5.4384 9 , 7'534 4,8943 
0.175 12.9367 1.7292 2.3567 4. 66 9(' 8.9'!46 4,6439 6. 4117 14.63 15 16.16'!3 2 5. 6 781 
0.124 1.8293 0.2807 0.2325 2.4883 7.0126 7. 4 0 16 12 .0445 26,A6 1 2 II, 5126 32.:.' 1"1 83 
o.oaa 0 .5723 0.13 16 0,0493 2.4963 8.138A 11.1287 1 1.0128 27.3137 4.1339 16,7155 
0.061 o.18B4 0,1)425 1.0127 o. 9772 2.0115 B. 5760 5. 5987 4. 96 <;7 1. 3541 2.77 2') 
o.o 0. 1865 0,0563 o . 011 0 1.4174 2.6932 17.0628 11.11,72 5 .05 28 2.9727 3.1344 
PAN SIZE SAMPL E !\lUMBER 
295 339 3 4 0 3 41 342 343 344 345 3 4 6 346 
3,962 0 .2332 o . o o. o 1.9214 o .o 0.2945 J ,O 7 . '~0 46 0 . 1415 (', (' 
1. 981 0 .0843 o . o O. G fl,fll342 o.o 1) .4484 ') , Q 2 0.3137 (. 44 8 7 0, :' 
0.991 G. 1193 O.ll10 1) ,030 7 43. 9000 0.01 B 4.4592 0 . 027"3 20.5f' fl'5 " · 79'1 8 '1 . C·461 0 .495 0 .5797 1,1SB6 0 . 0556 19.5456 1.2865 8.5867 0 .17 26 2 0 . 4584 1.B2"'6 0. 0 53'1 
0. 351 1.4999 13.A349 3 , B4 0 9 B.19 14 9.9994 3,9952 1. 033'~ 2 1 .~254 'i. 32'50 
"· 86 4 2 0.246 8.4895 5 1. 0 9 29 48 .00!1 1 1 1. 66 96 2B .0 843 10 . 2168 1. 4 1 4: 24, 49'12 43. 1 873 2 4. 794'5 () ,17 5 35.6861 5 1. 0236 5 ~" .114 6 23, 8 823 54.2387 54.1466 5 5, 2"'>76 19,732') ,., ,., • 8 915 '3 1. 63B7 
0 .124 16. 0BB5 15.8470 17.1757 15.11)31 2 1.9 329 33 . 2672 2 6 . 5·J9 8 JO.q19 4 2n. 3:>.78 22.?844 
0 . 088 5. 26 07 1. 3561 1. 3800 1.8587 4.4 '152 7 .5769 5.6'l21 2. 2229 2. 3R 8 7 4, 976 7 
0 .0 61 1.014'5 0 . 1052 c. 1 ~ 71 Q,f) 977 0 .3 302 :>.26 16 0.2564 .~. l c; t '3 r-.3895 1) , 33 72 
o.o 1.63 4 3 0 .116 3 C.1 4 7 ,.., o. ') 14 7 0 ,23 62 0 .1 61)3 :) • 2 )6 •1 () . ; t95 ') . 7f65 (i , (0 25 
I { , . 
. ' 
' l r 'I '" : '· 1 
" 
IL 
. 1 t, .. r. ·. ~ 
.1', :. 
' . ' • I . 
. 
SIJ~'-~AR Y r'J F SI>"'P,LF wcrr;HTS 
PAN SIZE SA'-4PLF NIJ ~A ~R 
~ 47 34'l 349 1<,0 '3 6! '16 ? 1111 ~~4 '16" ?"-':> 
3.962 2 .6~24 1 1. 9(:3" 'l . 726'5 1') , 39 43 ".0 !) , ') C' .') ') . -. .... , • fj 3. !.?3q 
1. 981 C. 90 91 27. 341'11 3S .8682 rs. r 112 o'l ,2 3"lf> 0 . '} ~ . 024 1 ~ . , 6 fl 7 r • 0 12.! g r 
0.991 1.5 130 50.7 C9! 57 .8 ') 76 '58. s ·B7 14.7'562 2. 3869 '34 .41 23 '34 . 11 11 2 ·:'; . 7?0.7 73. R9 r 
0.495 2 . 0765 23 .7 <;72 31.6 168 6 1. 2126 117.8890 34 . 9460 42,99nl 114.172 .) ?<; . 3114 6 5. 13 4 19 
0 .3 51 5 . 8A32 9,4580 7.65 80 2. <;!)18 4 .6 0.A4 43.3935 ':•, l6R O 7. 'H4"' 30 .8 392 5,,', 3 41 
0 . 246 29 .Rl23 12.736 6 5.2912 o . 2889 CJ .l 69') 54.2976 1 . 01 77 o. 6'30~· ~~ . 54') '3 1.'1 6 71 
0 .175 6 1.20 81 20.9594 6 . 0654 Q , 1'\fl% 0 .0138 26 . 2488 ') , OH' l 1), 1'\ 4 29 18 .5119 f)~ 4 ' I C'" 
0 .124 32.1510 IA.Z5c5 5. 59·J A Q,l'\~70 !),011'11'\ 9. 968 ~ :' , 01'\73 ') . "" "~~ 4 , 9431 ':.' . •"' 1r,.., 
o.ce8 4 . 6078 5.1'75 5 0 .9361 o. 00 91 .') . 0 ·14 7 4. ?1'1 69 l . 0/?3 (', ," r'2 1 1. 7 315 (' . . l 30 
0 .061 :) .7557 0.9227 C.0 592 0,0!) 17 o .OI'\111 1. A973 0 .00 14 ":\ , N' l3 C' . 5C 5 J •"· ~ . .., 59 
o.o ,J . 6923 0 .1'75 C' 0 . 0247 o. "\())? 1) ,08 19 4. (' 3 2" 0 . 0 ·')2 '5 0 . 0 ~ 42 2 . 2 747 0 . " r 3 2 
PA N S I ZE SAMPLE NU"'AER 
367 368 369 ~ 7 0 371 372 3 73 '174 "17 5 37? 
3.962 ) . () 0 . 2739 o.o 3.5947 1) ,15 67 o. c- c.o 17,')4 94 c .. o c ~ ... 
1.981 0 .6 325 o . 5411 o • • 17r;n 12 . 1249 5 .5 5 11, 0.1111 " .02°3 60 • • ~ 6 4 9 1.310 3 o •. ~ 
0.991 25.6738 17. 63 54 10 .4566 72,4953 1C4 .2811 21.2374 4 . 32 ~· 9 126. 1 1'68 3'L 4 r, 34 1. " 93'1 
0.495 <;7,0319 s 3.6e84 99 , 5R23 37.nA78 4R,69C·3 l •)7. 3642 72.12~9 43,095 ') il4 . 1 549 44.1 3 7 2 
0 . 351 7 .73 82 23 . 4318 16.'5594 2. 93 77 1.1 931) 9.731° 12 .171 ') 0. 900 ') 3. 5n '.' •8 . 6231 
o. 246 1.5839 5.~605 1. FY72 o . 6·"•36 o. 20 01 1.1~8 !l 15. 1147 0 . ?8')5 "' ,4 ')89 18. A5 7 2 
0.175 0 .3242 0.86 20 0 .1022 0. 1')69 0 .0469 0 .2467 7.72 0 5 0 .1 33 1 r .l li 0 2 11.~"'08 
0.124 ').0236 0.1062 0 .1)18 9 0. 1! 4~7 0 .0084 o . ca2o 5.52 69 0 . ~'~2 78 " .0336 4.2694 
0.088 O. C0 51 0.0182 0 . ')072 0.0093 CJ.0033 ·). c 143 2. 4•169 o . e 171 C• . C?J5 1. 1'~65 
<X> 0.061 0 .0026 J. OQ 53 O.OC24 0. 80 22 0 . 0·112 o . cn22 1.1 2 96 1) . ~( 9" "' . 0091 ') . 5251 o.o ) • 00 38 O. OC: 91 o .o 'J33 O. OO OCI 0 .0027 0. ('0 52 5 .849 2 0. ·"':. 85 C•. 0145 1. 12 47 
PAN SI H SAMPLE NUMBER 
377 ~71l 379 313 0 381 382 383 3'\4 385 3116 
3.962 ( .23 02 o. o o . o 0. " o. o 1. C o.o G.22 14 r. r ') , 2 'il 0 
1.98 1 7.7423 1.'1790 ~-0 12.3744 1.447 2 O. C' 4. 0797 l. 'l A71 ' • 0 5 . 8 ~9 ~ 
0.991 8 5. 2759 2'7.160 C 1.777') 87. 28 65 43 .30 22 1) . 5932 50 . 5991 zn. ?7 08 2 .1 872 73. 29 7 2 
0.495 Vl. 8246 63.5301 2A.472l 9, 61 59 82 . 3333 311.2934 70 . 0 27 1 1 C' 6, 366'1 'l7 , 741 ~ 3 9.7 0 92 
0.351 0 .51~2 7.169 9 24.2292 1), •}4 47 2.3431': 35.371 8 2. 5,c,z r· 3."1542 21.1 38 " ·1,1') '7 ) 
0 . 246 .) . 1063 1. 3129 21 .693'5 0. ') 184 0 . 1149 23 . C6 32 o . 58')9 0 .0427 27.4<131') 1'\, ·"2 9<) 
0.175 C. 0793 Co4 010 20 .94.)2 0 . "'269 0 . 013') 1l.C'796 0 ,391S ') ,4193 26 .376 1 0."1q 5 
0. 124 J . Cl65 C.1 94 C' 1'>.75'35 o. 1097 n .016 1 2.831f> 0 .1 26 1", 0,1431 4, C·e2 1 ') . ( "9 7 
0 .0 88 O. OC59 0. •)259 5.5451 0. ) (13(-, 'j , 0') 35 1.1175 0 . 0')9 9 1) , " 621 1'\ ,013 25 0 . ~0 37 
0.061 0 ,0039 0 .00 79 2 . 2953 0 . ')0 14 0 .0·)25 ),7 (:.09 •) . 0 ~3 1 0 ." 3" 2 
" 
• 3776 1) . (' ')2 " 
o .o 0 . 00 40 0 . 00 93 3 .4745 0 , 01 25 0 .00 24 2.721 3 ') ,003 !) 0 . ':3 11 }, 7431 Q, -." 52 
PAN Sllf SAMPL E NUMBER 
387 388 <89 '190 391 392 393 "3 04 395 396 
3.962 o. o 0.::1 7.3 374 o. " o .o J.7110 o . 4422 n. " 4. 4113 :) . 39 0 5 
1.981 1.0052 o.o 35.7?.72 o. 71) 00 '1 .0 274 17 . 6513 4,3079 ," , ('l t;y ~ 7.9 6 34 1.7 261 
0.991 34.0522 0.'5 55 1 114.7 237 15.3426 1.475 1) 90 , '3861 58. 5 353 5.~A8':> 11 c;. 62 2 6 33.Q111 
0 .495 64 .6243 17.7163 2r: .8369 94. 6395 11 .51 74 26.2871 63.4 ·12 4 2 6. 60 79 68 ,0f'6 9 79.14115 
0 . 351 6 .277 C 2C. 0 61J5 0 . 14·:: 0 14. 2?27 11. 6')\ 6 0 . 50 0A 1 2 . 940 3 l 4,'\R5 7 2 .4 635 7,':' 7 7 2 
0 .24 6 c .s887 ;3,6'l3C ':1 ,(' 776 3.651,., 29 .9CI7 l ·) . 30 12 3 .'5 88 4 2 1. ?. 7 2'5 !.21'7° 1. 39 2 3 
0 .17 5 (: . 27 0 8 35 . 4802 o . 0 5·) 1) 0.7141 4 8 .6 456 !J . C9 19 1.0"~88 32 . 6'1:' 0 ,. • 51'65 r: . ?. 16 ' 
0 .124 0 .0881 (:, 0 191 ,l . 0 1':>2 o . 1368 14 .4 121 0 . 0 21 9 0 . 24? 9 13. 52' 6 r:. l 36 9 0 .... '>23 
o .088 r . OORR 1.4329 () . ') ('36 0 . 1435 2.2879 0 . 0 139 r .0 2A 2 1,708 1 n . c 251 0 . ,i'} 91 
0.061 0 . 0022 0 . 6020 0 . 1)0 13 () , '1 1.?7 1.340~ 1.ro 93 1) . 0 ') 5 (1 0 .575'5 C. C' " 7 8 e: ~ r~z6 
o.o D. oc2c 1.1 €77 J . OG23 o. "?77 2 . 2 3C 2 n. r:r,1c; ·~· .0 ')R3 (' ,70 0 5 - ~ . 0 '"~'1! ". =' ~ q" 
SUM~ARY OF SAMPLE WEIGHTS 
PAN S I H SAMPLE Nlllo4REQ 
397 4 ·"'2 4(1~ 4 () 4 4CS 4r 6 407 4 "8 4('0 4 ) ' . 
3.962 J . O o. ·1 o.o Q. ::J 1'1.0 o.c Q.l) o . . ) " · <' 0 . " 1.981 0 .2218 0. ·11~1 o.c o . o J.n ') . 0 n.o C: . f) .; . (' Q, C 
0.991 8 . 0827 1.9393 1') .012 3 0.022') O.OlC6 o . r124 0 .01 00 0,1"·512 " .0 2 72 'J.,... ,") 81 
0.495 40 . 1739 18.4901') 0 .1 0 72 o. 2 4 79 ).0452 0,0849 0 . 073 7 'j , 1791 0 . (1 197 1) . 1) 4 ·J 3 
0 . 351 19.00 16 12.3'>25 0 .2'il4 1. 1369 0 .129') 1.3301 o . 14 22 ') . 194':> n .0663 C'. C9 C'rl 
0.246 21.9226 3.7949 0.6676 1.9174 0 .510 8 1. (! 776 0 .5144 0 . 2779 ,-, . 296 8 C.1743 
0.175 28 .6394 3.0341 4.0724 B. 9265 7.0532 8,744A 5.9785 ~.430 1') 17.3441 15.8548 
0.124 10 .2262 7. 6 210 42.6406 53.882£-. 58 .5327 91.7156 29. 5466 58 . 90 99 6') ,7(' 52 34 .1 1:'63 
0.088 4.3942 16.6140 49.4942 28. 969•) 2 2. 7 2Q 1 1 6.5812 10 .6396 10.f>341 43.7235 40.7264 
0.061 3.2745 4. 66 f>6 10 .3823 5.6494 3.1170 6.6367 5.4645 16.'!') (19 9. 6966 6 . 11 73 
o.o 3 .01 85 5. 5 666 6 . 61 ) 4 7.A12 7 4.847 9 9.8806 9.289 7 19.3287 n . 972 s 1 3.:'332 
PAN SI lE SAMPLE NUMI3ER 
411 412 413 414 4n 416 417 42C. 41)9 41) 
3.962 o.o 0.1') o. 0 o. 0 'J.O '). ( • 0.0 0. ) " .(\ o.r 
1. 981 o .o o.o 0.0 0.1 o.o <J.C o .C J68 0,"8 94 fJ . 0 o. r 
o . 991 ') .0366 0.')249 0.0 114 0.0689 0 .0449 ').0115 0.0664 1.':>864 ". f''?.72 0.': ~B1 
0.495 J .212 3 0.1313 ').1624 l. 4 34 7 .J .1427 1.0278 1. 3 30 9 11.656') 0 .('1197 o. 0 4 •13 
o. 351 •) . 2575 Oo216r 2.8254 5.4878 0.2387 3. 5595 3.2561 2 8.~799 0 .0663 I", J()') l 
0.246 0 .3410 0.3466 7.3311 15.A298 :) .51333 6.3326 11.6614 42 . 3501 r- .296 0 0.1743 
0 .17 5 7. 6736 1.6563 6 .9764 37. 6 822 '5.1256 19.5':198 34.71372 15.2517 17. 3441 1 5. 8'548 
0.124 48.9185 48.3 1) 98 9.9452 3 5. 4011 37.8811 40.901)8 46.6851 5.3513 60 .7052 34.1863 
0.088 32.7139 32.6460 .9.9419 20.3083 26.9979 16.7714 24.3236 1.<;85) 43. 723 5 4C. 7264 
Q) 0 . 061 6 . 3747 11.9627 2.2694 3. 1,809 7.3966 4.1600 3.1~~0 ~. 4 187 <:),6066 6. 11 73 o.o 16.1093 !7.8719 4.135R 6. 45 86 9.583r'l 5.1314 5 .1338 0.9162 13.9725 13. (' 332 
N 
' I ,. 
• 
.. ~ r • I .. ~ .. \ 
.._ 
APPENDIX D 
Summary of cumulative percents of samples 
collected for the quasi-synoptic areal survey. 
This list does not include samples designated 
as rock or samples run by pipette analysis. 
Column entitled Pan Size is diameter of sieve 
in millimeters which corresponds to the noted 
cumulative percent value. 
183 
SUM"lAI~Y OF ClJ"llJL ATIVF P FRC EN TS 
PAN S IZE SAMPL F. ~~ U~B E R 
1 2 3 4 ') 6 7 p c 1 " · 
3.962 0 .1') 3. 0305 3 . 2 94 2 () . ") o.o ), C c. o 1 .6 97 0 =· · 217 5 C' • r_~ lo 981 '1 .0217 3. tJ e 3 5 3 .317 6 o. !) o. o 0 . 26 97 0 ,01'\ 75 3 , 9 72 3 '1 , 971 6 0 . : 2 R4 
0 .991 0 . 0831 3. 171 A 3.4466 o . 1 777 0. 176 1 1. 4?54 o . 114 5 7 .2 6 58 7 . 972 6 Q, ='i3 9 7 
0.495 2.4259 4.153 ? 3.9793 0. 112A 0 . 6~1)3 2 0 . 98 60 1. 64 q 1 1 4 . 97 2!) 49, 21 39 0.!3799 
0.351 11.41 68 10.2587 5. 4 683 0.4 1 8) 1.4 ) 7 ') 4 1. 24 97 5. 5 84 9 3 1. % 18 65. 4 395 5 .2753 
0.246 3 3. 1405 3 5. 8 G0 4 13 .98 1 4 5. 9199 3 .2718 55, CI 6 9 4 l 2. 3 ') 33 59 .9 26 1-t 7 8 . 9436 2 L ~94 7 
0.17 5 77 . 81 13 e 0 .4891 47 .1 541 51 .804 8 15.0 2AJ 6 9. 6 21 4 57. 80 6? 'l9.'l 4 24 93 . 11 83 78 . C' '34C· 
0.12 4 94 .14 39 S4 . 4 5 73 64. 4985 80.4085 51.6390 8 7 .8465 88.1713 98 . 17 07 98 . 8ez o 96 . 1729 
0.088 97.3365 S7. 7130 7 0 . 894 7 92.11533 8 4 . 9652 97.2 084 96.3482 99. 3682 99.6C. 52 08 , 6 145 
0.061 98.2290 98.6573 74.1899 96. 1168 93.2602 98.8291 98.0357 99,1,67 2 99. 7868 99. 1 74 fl 
o.o 100.0000 1CC. OQ OC 100 .0 JOJ 100,01)00 101). 0 000 100.0000 lO'}.Q")(l') lJ'). ') f\ Q,J l ():' . QO'J'.: 10 Q.r:)JO ': 
PAN SIZE SAMPLE NUIIIRER 
11 12 13 14 l"i 16 17 18 1 9 2 ~ 
3.962 o.o o. o o. o 1.1125 o.o 0.(' o.o 0.0 " .(' 0 . 259 0 
1.981 ().0 0.0951 o.074 CJ 1.6058 ') .0 :).0 0 ,0 (1,1) ~ . 06(' 1 0 . 3854 
0.991 0.0712 o. 30 92 0. 4 026 3.646 8 1). 04 26 o. 0:)237 0 .0713 0. 1198 " . 1989 0.6'56 0 
0.495 G.9808 1.2!:82 1.7420 36.9650 1.0927 (),7633 3. 5842 1.6917 1. 0 ~ 71 2 . 2 0 f!7 
0 . 351 3.4753 3.3312 4.1 030 67.3599 4.3365 4. 9615 12.1193 7,'5911 2.5972 5 . 5 0 32 
0.246 16.2036 14.7162 13. 741 1) 87. 5371 14.8R51 18.3811 ~7.1780 23.50 7 6 9 , 15 8 7 20.3983 
0.175 65.7853 f;6.5673 54.5 709 96.6507 49.3402 56. 66 28 46.7424 55.5256 4 3 .1778 63.7412 
0.124 89.1910 S1.7337 83 .42 32 99. 0 755 80 . 7896 82 . 6973 69,8643 81.250 9 77.4387 83.7422 
o.o8a 96.3621 <;7.9146 95.6122 99.6 5 14 93.563 8 93.1747 88. 2499 94,3296 93 .2697 89.8371 
(X) 0.061 97.9982 ~8.9405 97.5513 99.8239 96.1678 96.1392 92.6824 96.9696 96 .1 468 92 . 9168 
~ o.o 10 0 .0000 100.0000 100.0000 100.0000 10 0 . O.JO O 1 00 . 00 0 0 100 . 0 000 1"0 . "() 1)() 1 ') I) . (10 0 0 10 0.0 J OIJ 
P AN SIZE SAM PL E NU"lBER 
21 22 23 24 25 2A 27 ?8 20 3"1 
3.962 c . 0 o. o 67.4833 90.9823 o.o o. c 1) . 0 O,'l r .c o.c 
1. 9 8 1 :) . 127 8 0 . 35 3 2 68 . 1398 1 oo . 0000 0.0527 0 . 1) 3 19 o. o13 r; 0 . "229 " ·0 o. 'J 0. 9 9 1 0. 34 34 2. 8321 68.9723 100. 0000 0.6658 o. 71 0 3 0 .2413 0 . 8199 ·-:' . l 1.4 8 o. 18 58 
0.495 2.2580 11.7904 70 .8756 100 . 1) 0 00 6.091')0 8.3fl02 2.4676 18.3122 3 . 462 9 5. 7872 
0.351 e.7440 17.3117 73. 164 7 100. 0 000 21.6960 2 5.2825 6. 5671 4L J 507 18.1735 2 6 .6611 
0.246 27. 527 9 25.1220 80.0282 100. 0 000 61.1'572 51.2119 15.2999 64.6889 54.617 9 64 .4326 
0.175 64.2112 41.1866 91.2393 lOO. f'IO OO 93.8715 78.8601) 38.4897 89,A 0 3" 89.5179 9 L 87411 
0.124 78.8033 l:0.5754 96.2983 10C.::l fJ OC 9<:l,3191 92.9121 73.4383 97, 1')785 98.1662 0 9, 5 1 ')o 
0 . 088 85.8712 e2.0890 98.590 (1 100.000() 99.8977 99.06'17 95.7982 09,5143 99,4482 99.8413 
0.061 90 .3315 88.7967 99.2116 1 00 . ~000 99.95 1 5 99.7821 98.<;999 99,R290 99.690 2 99.963'i 
o.o 1CO. 00 0 0 1C0.0 0 00 100 .00 00 100. 0 000 1f"·0 .0'100 1 o o. 00 )f\ l i)C ,O:JO') 11) (\ ,I':JQ.') 10') .0000 l f'O. O"l ('l f" 
PAN SIZE SA IIIP L E NU"lAER 
:n 32 33 34 3'5 36 37 '3 A 39 4 " 
3 .96 2 o .o 1. 2806 o .• 0 o . ~RB3 2 .7456 12 . 9 304 0 . 0 o .o f'\, (1 o. r; 
1.981 o. o 2.75 37 :) . 0 1. 11 9 6 2. 9 170 26.9 38! o . o 0 . :1 ~ , 1 54 3 0. 0 4 0 4 
0 .991 0.1159 14.')0 0 2 0 .065 0 1. 59 19 3 . 11 6? 38 . 2666 0 .065 1 f'l , :') 3 3 q 1"1 , 4 3<:;5 0 . ? 60 5 
0 .495 4.32 81 28 . 98 7 6 o. 3 399 3. 775 5 3.5307 45 .88 51 0 . 640 9 0 .29 7 3 3 . 83 ;)3 2. 4 ) 42 
0 .3 5 1 22 .543 2 Lt 1. 35 9C' 1 .7 4':'3 6 . '; 206 5 . 997 1 5 1. 3334 3.2263 ().8 1 98 0 . 5945 8 . 43 4 (1 
0. 246 58 .741 8 t3 . J529 11 . 5 6 53 16.2 9 22 29 .5996 64 . 29 10 14 .56 4 9 3 , ,1445 ? 1. 4 738 25 .2 ::' 112 
0.1 7 5 89. 69 73 e 5 . a H o 51 . 83~ 1 45 . 5 7 27 () 4 . 4 78 9 80 . 3192 45 . 392'l l7. 21 65 3A, 3368 5 4. 1 1 86 
0. 124 S8 .14 l 8 S6 . 6 7 09 9 1. 238~ 75 . 7185 7 1. 9 4 12 8 6 . 9 11 7 76, 8 '326 5 'i .A339 n7. 4 6 28 79. 175 7 
0 . 0 8 8 99.7 382 S9. 62 5 6 99 .3 189 9 5. 3957 74.6422 8 9 . 8'356 91. 4 223 84 . 5 74 (1 o o . 83 77 9 4 . :' 9 60 
0 .0 6 1 99.90 9 5 <; 9 , 9 14 3 09 , 847 1 99 . 2465 7 6 . 2661 9 1. 0 2 18 96 . 9 4 9 3 9 2 . 348 l 96 , 1046 9 7. 17?4 
o. o 100 . 00 0 0 1CO . OCOC 1 00 . 0 0 00 100 . 000 0 10 0 .0 1 (1 1) 1 0 0 . 0 001"1 100 .00 ') " l 00 . ::l(' 0 (' toc. or qc 1.0 o. ·~c 0r 
' ' • I ' 




' f ~· r ~ . ' ' • 
. --,.. I> .. . .. <'( ~ f .• . . 
. ' ' I , 
. 
. 
S UM~A ~ Y nF t UMUL A ~I V E PE RC EN T ~ 
PAN SIZ E SA~ PLE ~' U'-'~ F;:q 
41 4'? 4 ~ 4 4 4 5 4 6 4 7 4 R 4 0 5 .. , 
3.96 2 4,3 R7( 'i5 . 4 686 :1 , ':,9 7 9 (' . r. l 0 ·"' . () ')(' 1 5 6 . 77 :) R 9 9 ,1 9 9& 5, , 4f' 7 ~ . c 513 ') . "\ 7 ' -, 1. 981 s . 5o s z S6 , 9 4 3~ 1) , 1 9 7 5 o . •"' ln i) . 0 ) 0 ·) 6 A. 69 94 1 !': .0') ~ '\ 8, .q ] R7 - , ('53 ~ o . '.. 6 74 0.991 <; . <; 0 7 5 <;7 . 65 34 0 .4 34, 0 . " 56 1 1" 0 . 0 J0 1 80 . 4 0 05 1 ')') , onn 1 3. 90 5 1 ~. 1 68 4 
"'· 6 7 39 0. 495 12 .884C <;8 . 3 421 
" · 73'H o. 1 '525 1C·') . 0 <10 n 91.34 97 DO . 0 800 3 4. 61'_ 73 1 . 7? 2 1 3 . 139 4 0 . 351 1 6 , SD 4 <;8 ,5 0 2 9 .~ . 996 ~ 0 . 2 847 100 . 0')0 1) <J4.14 92 10': . 0" 0 ·') f, R, 6 6 3'' ') , 7" 6 1 4, 7 7 'H 0.246 :' 8 .4 0 5 1 ce . 7271 5 . 037 9 0, CIJ (l l) 1 '.' ') . 0 1) 0 0 9 6 . 0 69(\ 10" .1) :'1 0') OJ . 6 A44 1 3 . Al 2 8 8. 7 8 0 5 0.175 73, 6 992 99 . 2 006 4 2 . 63 9 5 4. 2·" 99 100 . 0 ')(ol) 9 7 . 2 279 100 . rr"~ n:. 9 7 . 6 5 43 11 . 5 61'>9 2 2. l '6 8 0.124 85 .7164 ~9. 5 370 30 .377 2 22 . 43 86 10 0.0 ') 1'1 :) 98 . 0 3 77 10':1 .00 (' 1 9 9 . "25'5 7'' · 5 471 5 9 . 9 60 G 
o.o8a <;7. 7336 <;9,7601 9 6 .6115 75.4 ') 51 100 . 0 0 0 0 9 8 .7073 J. :: 0 . 000 0 9 9, 66 17 93. 577 4 9 1. 6 7 ') 5 0. 0 6 1 <;B . 92 0 6 c;9.B54A 98.9769 94.14 0 1 10 0 .0)0 0 99 . 1293 Hlf' . O.J C' " 99, '1 74 2 97 . 514 9 97. 22 3 7 
o . o 1 !'0 . 001) 0 J CC . OC OO 110 .00.JO 1 00 . 'J O JC' 10 0 . 0 )1):) 1 0 0 ,r l) !) f\ 1'1 r,, O'Jn"· 1 (' 0 . j ('(ll'l 1J0 . (\ f'\ ') I) 1 0 (\ , f'() f) r'l 
PAN SIZ E SAMPLF NUM~ ER 
51 5 2 53 54 5 5 c:;6 57 ~a 5 9 6 ': 
3 . 962 o. o o . o o. o o . . ) 0 . 0 1'), ') 1) , 0 •) t J ~ .o 0 • r 1 .981 ·') . 0 o. 0 o . o 0 . 11 o. o ') . (' () , 0 0 . "•59 '1 o. o 0 . " 0 .9 9 1 ·J . 196 3 0. 0 273 0 . 02 ?? c. :· :? 11 1) ,0 1 . 0 6 7 0 0 , () 2 73 o. zr: c4 "' • 1 45 1 0. 2 '36 4 0.495 3. 055 6 0 . 2 11 9 ') .13::>5 0.1 549 () . 0 40 5 0 . 2 9 :)6 (' . 2'5 7 9 1 0 . 2 1rs 14 . 8 23 7 8. 17 65 0.351 6 . 8 2 20 1. 7 3 31 J .2 <J7 4 o. 2 973 0 .1 283 0 . 5 734 2 . 3238 36 .1 4 7 7 ')l . 4 946 3 4, 4 7 6 7 0.246 9 ,60 87 5 . 746 0 0 .66 2 8 0 . 58 71 0 . 34 7 ·) 1. 18 30 10 . 6 2 24 67. 32 6 3 <jq . 3 3 ': 4 8 1. t, .q 44 0.17 5 17.48 77 11. 6 365 2.1 9 7 2 2.! 8 6 9 5 .8725 6.90 63 3 6 . 8 856 8 9 . 142 3 0 7 , 4 2 1 9 9 7. 23 R4 0 . 124 4 5.6915 :1. 8 604 24.9 9 73 2 7. 6 2 80 4 9 .0935 4 7 . 8303 7 0 .6445 0 5. 3 3 5t 9 8. 5 2 81 98 . 73 7 5 
o . 088 78. 8 0 5 6 70 . 8 100 72.1 62 7 75.4814 7 9 .6 9 54 8 2 . 08 64 9 1.29 22 9 8 . 1516 0 9 . ~ 7 36 09,4 5 4 fl 
CD 0 . 061 s o . 3 66 2 88 . 6873 89.8 241 90. '?0 74 9 0 . 8 9 0 6 91 . 95 19 9 6.47 5 3 9 9 , 0552 9 9 . 6 81) 9 99.74 6 7 o.o l CJ . OCOO 10 0 . 0:1 0 0 ~ 1 0 0 . 0 000 1 0 0 . 10 00 t no .ooo o lOO . C: OO O 1 00 .1)"1 0 1'1 ] "10 . 0 {' 0 0 100. 0 01)0 10 0 . " 00('· ()l 
PAN SIZE SAMP LE l'o! UMAER 
61 62 6 3 64 65 6 6 67 68 6 9 7C 
3 . 96 2 o. c 0 . 1 6 61 o. o o. ::> o. o 1 . 4 C 7 5 o. o (' . '1 ~ . 3 ° "2 0 . 1 9 6 2 1 .981 o.o 0 . 3482 0 .01 2 3 o. ) o. o 1 1. 2 4 28 1.431') Q, r'l ~7 .4 833 1. 63 6 7 0 .991 0 .1 8 66 5 . 1480 0 .50 3 3 0 . 4526 n .O fl 15 '>8 . ('6 18 28 . 0 '51 '5 0 . 6 3 9 6 86,2C 68 2 8. 2,.118 0.495 11 . 56 8 1 '5 0 . 7l34 21 . '5 1 '55 7.6 8 32 "1 .4 )35 86.4 2 2" 8 4 . 2 9 29 7 . 7 5 34 96 . 0 641 8 1.917 2 0.351 3 7.6? 4 5 l4 . 6S54 60 . 3 2 78 2 8 . 9?.82 2 .1 0 6l 88.70 82 92 . 6'3 " 0 2 1. 3 5 0 C' 97,2 0 6 4 94 . 0 57 9 
o. 246 79 . 4128 E6 . 3 c;86 90 . 50 23 77. 80 50 1 7.47 0 9 96 . 3 26 8 9 7 . 71 59 4 6 . 1~'• 1 7 9 8 . '5 34 Cl 9 8. 9 ':' 9 C 0.175 <;6 .4506 S2. 9 3 8 1 96 . 7446 9 5 . 7217 52 . 11 81 9 9.3239 9 0 , 5529 BO ,o2 7 2 9 9 . 6 2 Q8 o 9.7 3 ~ i 0 .12 4 <J8.5l 6 6 <J7 . 2 4 37 98 . 1 '5 23 9 8.6873 8 <; . 3 1) 41 09.9 0 84 9 ° . 868 0 94 , 4('1 4 9°. 9 5 {' 3 99.R 93 1 0 .0 88 c;9 . 3 888 S9. 0 4 11 99 .1 '38 7 99. 76 77 9 7 . 9 5 7 6 99. 96 6 () 99 . 9 3 47 96 . 8671 99 . 9 8 8 0 9 9, 04 2 5 0 .061 99 . 7 0 76 S9 . 544 0 9 9 .590 5 99 , 9164 99 .4 301 9 9.9777 99 . 9561 97 ,0 1 4 8 9 9 .992 8 CJ 9 . 96 3 4 
o . o 1 o o . o no o 1 CC, OOO O 1 0 0 .00 0 0 1 00. 0 0 0 0 10 0 .0000 1 (\1) . 00 0 0 10 1'1 . 01 0 1 l ()(l , OC'O IJ 1 1 "'.000 0 100 . ~ "0 ::' 
PAN SIZE SAMPL E NUMAE~ 
71 72 73 7 4 75 76 77 7 1l 7 0 ~ ) 
3 . 9 6 2 o. o 3 . 65C4 o. c o. n 1 . 3 92 3 o. o ll , O 2 . 0 3 62 '). (I 0 . 0 1 . 981 o . 11 36 27 . 6654 1 . 130 3 o. ') 9 . 3245 O. C' l4 3 o . 0 18.432 9 ". 0326 0. 0 0.991 3.50 69 69.7<J25 10 . 39 86 3. 0 762 4 3 . 0664 6.9787 2 . 3 39 q 5 2 . 3 78 :' 
'· 79 8 ~ 0, 75 5 4 0 . 495 36 . 3514 S C. 750 0 57 . 2 156 64 . 2 73 9 79 . 5494 4 6 . 51.9 3 41 . 28 97 77 . 223A 4<;.94 2 1 3 l. 29'3 C 
o . 35 1 57.95 3 1 96 . ~ 115 87.0 4 10 79 . 90 7 5 8 9 .54 ACJ 7 0 . ~411 7 " .48 86 88. 6 (15 5 7 9 . 2R0 3 <;3. 575 " 0 . 246 73 . 294 8 99 . 1 6 1 8 98 . 33 9 7 'l 9. 7. 6 57 9 6.5 2 CJ7 92 .954 3 98 . 3 9A9 Q7 . 22 9 6 0 6 , 2'1 11 74 , 71 69 0 . 1 7 5 87 . 667 6 c; 9 . 7 710 99 . 4472 9 5, A209 9 9 . 445 6 99 . 1297 9 6 . 57 32 9 9,'> (1 <; ~ 09. ('3'36 9 2 . '5 2 6 2 0 . 124 96 . 3 8 22 99 , <1 5 46 9°.6 fl(l 1 CJ 9 , n 4 9 1 9 9 , 8 928 9 9 . 657 9 9A . 9 0 6•1 99 . ~n 3 o 09 ,4 52 1 9 8 , 0 ~ 68 0 . 0 88 c; 3 . 12 co <;9 . 9 8 59 9 9 . 80 65 99 . 6 250 99 , 9<; 3 1 9 9. 8213 99 . 4 55 1) :} 9 , c;3A4 9 <J . 673 0 a9 . 756 r 
o . C61 <;9 . 2975 <; S, 9 90l 9 9 . 87 3 1 9 9. 7 5 80 99 .9709 99 .8 882 9 9 . 6R77 9 0 , 05 54 9o .7 A33 99 , R7 2 3 o. o 100 . 0 0 0 {) I CO . OOOC l OO .()Ono l ) 0. 0 0 0 0 100 .0 DC' ) 1 1) "1, 00 0" 1n o . On C'J l"C. ~ Ii fJ ) 1 0 1) . " f .~ 0 l':' (' , r •OJ :' 
SU~~ARY OF CU"1tllATIVE PERCFNT S 
PAI'II S llE SAMPLF NU"1RER 
81 1!2 83 84 85 86 87 ~ R fl9 9~· 
3.962 0 .2 3 90 c. o :: .o f). 12~4 0 .0 n. c () ,') 0. " " . (' 0.1 74 9 1.981 3 .7243 0 . ') o.o 1. 2453 i) . 0 o . c ') .3 86~ 0-'"' r.o L 1594 0.991 24.2604 2. ,) 52 8 1.C706 1 6.4547 0 .3 6 5 5 0.2CJ3C) 5.6R37 2.12 55 ;:, , 2448 6,4\ 0 1 0 .495 48.971 8 34. CJ6 59 35.3664 33. 1083 14.1243 15.71) 7'1 24.0CJ6 r. 39.62 1 3 15. 4496 16. 636 0 0.351 70. 741 9 73.6<;83 6 -J .8685 49.2032 4CJ.1CJ69 40.2o 33 47.8326 74. 88 6 6 44.1476 35.8561 0.246 92.5038 <;6.2349 78.936 7 78.4323 89 .1105 64.6604 8 0 .6 367 94.6211 7 ') . 70~ 4 6 9. 656 4 0.175 <;8. 7 814 <;9.2162 92.6373 CJ6. 'H46 CJ8. 251 f') 82.466 0 CJ6 . 5252 CJ8 . 129R 92. 7973 9 4, 36R 3 0.124 99. 64CJ 8 99.6082 98.6656 C)9,4355 9CJ .24 13 93, 0 751 CJ9.248 2 98 . 8905 9CJ.2 0:) 7 99. 2 95 (' 
o.088 99.8379 99.7768 99.6904 99. 79 32 99.60 26 96.4433 9 9 ,73 54 99, 3 19'5 9Q,82 2 5 Q9,7 CJ 41 
0 .061 9<;.8894 <;9,8589 99.8393 99, 8668 99,7481 97.638 8 C) 9,839 4 99. 54 6 4 CJ9.9285 9 9. 8 7 46 
o.o 100 .000 0 1CO. OO OO 100.0000 1 oo . •) 000 10 ') ,01')0 0 1 0 0. 01)0('1 1""' .000() 100."('0 ~ 1 CO . OOQIJ 10 0. 0 ')('0 
PAN SIZ E SA"'PLE NU"'R'=R 
91 92 93 94 9 5 96 97 98 90 1('1 0 
3.962 0.0 c. o 0.0 0.1 o.o o. n 0 .0 0.'1 ·:J . 0 (),(' 
1 . 981 o. 0113 0 . 3343 o.o O.J 1B 2 ') .0 0 . 0 (',() '). 4 24 3 '.:' .0335 0. 0 0. 9 91 1 .558 8 10.0041 1 .1 611 o. 0 973 o. 1127 O. CB46 G,0461 1 1 .0345 l. 344'5 o.n15 0.49 5 22. 7003 57.87 0 6 18. 1 5 1 6 9, ACl 29 16.81Cl8 4,7965 2.5184 45.~4]q 26.8535 6. 5111 1),351 62.1351 86.89 2 5 39.96C5 '52. 2890 39.3978 25.2052 30 . 5694 76 . 0 588 61.084 4 3 4. 9 1 6 8 0.246 93 .5099 98.0955 73.60 74 92.1796 76.5 8 6 3 67.7839 82.372 8 95. 3 719 99 . 3511 83 .1 01 9 
0 .175 9 9.0335 c;q. 3711 'B . 5 172 98 . 8621 96 . 2 26 9 93. 1325 97. 69 32 9 Cl .l82~ 97.3074 0 7.7191 
0.124 <;9.5549 CJ9.6225 97.7126 99.4408 99.4135 98. 0 769 99,0788 99,1,155 9Cl, 0 956 99,1157 
O. OBB <;9 . 7511 99 . 77 6 8 98 . 8002 99. 70 7') 99, 91 48 99,?123 9 9,5144 C)9 , 7 81!8 99 .5e56 09,5474 (X) 0.061 99.8455 99,8542 99.2052 99.80 58 99.9984 99. 5 221 99.6977 99,R621 99,7434 99,71 R3 
m o.o 10 0 .0000 lCC.:>OOO 1 0•.1. 0 )()I) 100.0000 1'10. 0 0"' '.) 1 "0 • CO')I) 110 ,Q·"1(l i') 1 00 , 00 0 1) 1()f\,QOOO lCO,C')O C 
PAN SIZ E S.A"' PLE NUMRER 
101 10 2 1 03 1') 4 105 1 r, 6 1 0 7 1Sg 109 11 ') 
3.96 2 l) ,f) o. o o.c ') ,') o .o o. c ~) . 0 o. ' l 1'1,0 0. " 1.981 o.o 0 .1) o. o o. o 1) .0 o. r 0 .0 0 . ':' 0, (1 0, (1 
0 .991 0 .1403 o. 8921 0 .0467 o. 1792 0.1 9 '5 () 0 . 0 4 ')5 2 .49 '52 0.1099 '). 0 869 0 . -" 8 9 9 0 ,495 2 5 . 2894 8. 4509 1. 8 782 4 . 18 8 6 6.2976 2.5791 44. 3111 6.1596 32. 570 8 3.47')" 0 .351 57.3840 25.3992 26.C476 17. ')957 19.5135 37.4773 74.1l"i5 29,9R84 75.4794 25.4366 0.246 79 . 883G 61 . 91 26 B1.C066 42.4148 '56.2J61 81.7028 91.6358 6 9 ,q16 7 95.7386 74.2'236 0.175 92.6713 <;2.6 0 65 98.49 30 74.q')07 92.0269 98.7512 97 . 4393 94, 4765 99 , 4927 97.6685 0.12 4 98,53 9 8 98.7900 99.6032 94.48:)3 9fl, 8712 99.7f\26 9° . 106 1 98.7563 99,8317 99.5238 o.oaa 99 . 66 8 3 <;9.6336 99.8 041 97.3476 99 ,6 554 99. 8991 CJ9 . 5176 99 . 4 7 05 C)9 . 9 14 9 Q9. 78613 0.06 1 <;9 .8167 <;9, 79 17 9 9.8763 9 7 .9246 99 . 7955 99.9566 99.6749 99,6738 90,9478 99.871 0 
o .o 10 0 .0000 1CO.OCOC 100,00')0 1 O'l . JOOO 1CO .O.J OO 100.0"00 1"0 . 0() !)') 1 f\('1, "f'C) 1"0.0(1')0 l0Q,0'1Ql' 
PAN SIZE SA~o1PL E NlJ"'R ER 
111 112 11 3 114 115 116 117 118 11 9 12! 
3,962 c.o o.o o .o Q, f) o.o '), () o. o O. l'l O.(' 0 . 0 
1.981 o .o o. o O, IJ 0 . 0 200 o .o 0 . 0 0.05 55 0 . 0 o. o 0. 0 171 0 .991 0.0174 0. 0 792 1. 1637 1. 58 6C 1 .11 22 () ,6 0 36 4.4483 1. 0789 1:' .31 80 3. ·-·?61 0. 495 3,5Cl92 6.3144 4 3 .0 3 4 3 23 . 80 59 2 .4541J 3 5, 1_ 790 36 .580 ') 2 9 . 419 8 24-08 2 9 23.4382 0 .351 2 3 .9913 3 5. 3 531 74.4721 52.251 2 31 .2127 72 . 9 3 96 74.77 6 5 76. 4 76>! 65. 6 843 47. ''~ 74R 0.246 67.7829 81.7377 94.006 3 84. 29 36 84.910 6 9 3,7494 91.8 3 15 96 ,'2 48CJ 9 ') . 060 2 75. 8o35 0.175 c;c;.0454 <;7,685 5 99.2 ') 9'i 97.4957 9 8.7 8 ?7 9 8. 8741 9 7.971 6 99 .12 48 9 8 ,6742 94 . 84 8 2 0.124 99 . 0434 9 9. 0 1)65 99,7 303 9 CJ. 24 77 Cl 9,5 1''l 5 99, 5 924 9 CJ ,5297 99, 7 0 64 C) 0.769 6 98, 7 8 ,jl 0.088 99.6721 99.5293 99.8 66() 99 . 60 8 3 09 , 730 1 99 . 79 1'5 99 ,7364 9 9 , 8 2 1') 99 . 9 0 74 99 . 5 ') 85 0 .061 99 ,7981 99 , 6967 99 . 91 99 99.7486 CJ9,R35>l 99 . 8721 09 , 8395 9 9. 13 93 9 99 , 9515 9 9 . o 7 76 o. o 1C'J ,OO OO u~o . oooc 1C'Q.OOOP 10o. no o r. 100.0 ') 0 !') 1 o o . c ooo 100 . 0') (1') 1 ')0 . · ~ 1' 0 " 1 1'l 0 . 0 " ' )0 lC'C' . r :r·~ 
.. 
' I' ~· . .. .. . ' j '<t( ~ ' . 
.I \" ', \ •'- !. ; 
. ' 
. ' 
' j ' 
' 
' 
SUMMARY OF tUMULATIVE PERCENTS 
PAN SIZE SAMPLE NUMBER 
121 122 123 124 125 126 127 128 1 29 13'1 
3 . 962 o.o o.o o .o o.o o . o o. o o .o o. o 
" · 0 o. o 1. 9 81 o .o o.o o.o o. :J o . o o. o o . o 0 . (' O. 520 B o.o 
0.991 O.OB04 2.1479 0.0149 0.0201 0.8042 0.1759 0.0137 0. 0 164 5.2915 0.0317 
0.495 9.8059 48.8400 2.6823 0.8381 34.8747 6. 6283 1. 6306 1.5250 22.7341 4.1 085 
0.351 52.9727 80.1237 23.8509 21.0298 70.5458 25.1747 34. 8 811 13.4305 47. 1700 44.9028 
0.246 87.4627 <;6.2064 58.4941 75.7922 91.6374 62.6801) 85 .2441 47.6275 79.9032 66.525 0 
0.175 96.6079 99.3963 90.6037 97.6947 98.2731 93.4642 96.3306 92 . 2521 97.2CJ16 97.4192 
0.124 98.5164 99.7503 98.9344 99.3706 99.2270 98.9511 99. 54 85 98.7058 99.2642 98. 902 (1 
0.088 99.1312 99.8766 99.6423 99.6905 99.6164 99.5819 99.7371 99.2735 99. 636 8 99.3217 
0.061 <;9.4616 c;9.9210 99.7962 99.8104 99.7659 99.7449 99.8463 99. 5813 99.7662 99.5821 
o.o 100.0000 1CO.OOOO 100.0000 100.0000 100.0000 100.0000 100.0000 100.00 00 1on. oooo 100.0000 
PAN SIZE SAMPLE NUMBER 
131 132 133 134 135 136 137 138 139 14 
3.962 o.o o.o o.o o.o 0. 5340 o.o o.o o.o o.o o.o 
1.981 o.o 0.() o.o o. 0 1.0494 0. 0371 o. o 0.0425 o. o 0.0587 
0.991 0.0917 0.1579 0. 053 0 1. 4231 4.0621 0.5388 0.1CH6 0.3530 0. 0112 0 .7883 
0.495 16.4651 4.3490 2.0736 34.8691 13.4825 14.6792 4. 3273 3.4085 3. 5176 9.5216 
0.351 66.7910 23.9018 29.0050 73. 8395 34.1331 51.4964 30 . 3412 21.5242 41.4271 34.7935 
0.246 92.0769 65.7959 80.4146 93.1413 67.1399 86.2972 79.9341 65.9095 83.3032 71.7159 
0.175 Ci8.8595 94.9084 97.9370 96.8969 94.4107 97.6481 98.3780 95.2820 97.3375 97.4739 
0.124 99.6001 c;8.8959 99.3986 99.6899 99.3471 98.9299 99. 5733 99.1638 99.1188 99.4558 
0.088 99.8895 99.5382 99.7415 99.8508 99.8128 99.4051 99.8630 99.7164 99.5430 99.8110 
(X) 0.061 99.9365 99.7142 99.6529 99.9022 99.8997 99.6202 99.9149 99.8319 99.7267 99.6853 
-.J o.o 100.0000 100.0000 100.0000 100.0000 100.0000 100. 00 00 100.0000 100.0000 100 .0000 100.0000 
PAN SIZE SAMPLE NUMBER 
141 142 143 144 145 146 147 148 149 151 
3.962 o.o o.o o.o o. 0 o.o o. o o. 0 o . o o .o o.o 
1.981 o.o o.o o.o o. o 0. 0 351 o. o o.o o . o o. o 0.0066 
0.991 0.0113 0.0195 0.0204 0.0279 0.9015 0.0039 o. 2599 0.0207 0. 0293 0.1131 
0.495 6.3322 1. 1776 4.2872 7. 8561 8.1796 3.8418 12.4030 1.4449 1. 3445 0.7721 
0.351 42.7824 25.5558 36.1966 32. 88 20 38.3035 22.2362 38. 7944 20.3351 14. 9443 1.9506 
0.246 75.8226 76.2590 62.5824 70. 5483 76.861 5 67.1357 73.1288 68.0239 61 . 9724 9.0983 
0.175 96.0848 c;6.9641 - 97.6234 95. 7669 96.7601 95.1240 95.4629 94 .. 2930 94. 565 0 38.7397 
0.124 99.4081 <;9.1218 99.3751 99. 2703 99.0509 98.7239 99.1416 98.0571 98 .. 8495 73.9864 
o.086 99.7730 c;9.5167 99.6563 99.7174 99.4833 99.3661 99.7061 99.5054 99.4578 95.2 0 84 
0.061 99.8744 99.7272 99.7657 99.8260 99.7026 99.5863 99. 8239 99.7404 99. 645 6 99.1433 
o.o 100.0000 100.0000 100.0000 100.0000 100.0000 100.0000 100 .0000 100.0000 100.0000 100.00('0 
PAN SIZE SAMPLE NUMBER 
152 153 154 155 156 157 15R 159 160 161 
3.962 o.o o.o o.o O.::l920 o.o o. o 0. 0474 o.o 2.3787 o.o 
1. 981 o.o 0.2620 0.0963 0,16 52 o .o 0.(1120 1) . 1135 0 .0984 15.0~99 o. o 
0.991 0 .0510 0.4801 o. 2807 3. 2797 0.060 7 0.1930 2. 5041 0.2481 61.1421 0. 0 969 
0.495 o. 2673 2.0 056 1.7502 55.0982 1.4527 10.4993 59.9426 1. 6111 75 .91R5 1.3n66 
0.351 0.5780 3.5662 3.3423 77.9261 5.9954 36.5889 79.541 8 5. 2614 82.0518 3.9127 
0.246 2.7860 7.6985 8.5512 89 . :)0 29 25.6127 61.9822 89. 13n3 16 .86 75 91.0591! 12 .6-80 7 
0.175 21.0359 24.6647 33.9621 95.7820 53 . 8096 76. 9658 95.5123 45.7114 96.7424 56.3463 
0 .1 24 59.7130 57.1169 73.1612 98.5109 70.5420 89.1314 98. 6975 79, 2115 98 . 950 9 87.6561 
0 . 088 91.70 33 91.6848 95.3212 99 . 6229 92 . 8162 98 . r 0 33 99 . 69 19 94.7911 99 . 8<;00 95 , 4882 
0 . 061 96.952 1 97.7044 98 .058 8 99.8129 97. 1790 99.1478 99.8419 97. 3 170 9 9 .95 ')0 97.1')13 
o. o 1no .oooo lCC.OCOO 100 .000 0 1 00.')0 00 1 0 0.0~00 1 0 0 . 0 000 100 . 0000 100 . 0('00 101'1. 000 0 1(')0 . 0 ('') 
SUM~ A P Y OF CU~U LATIVE PER CENTS 
PA N SI ZE S.d"1PLE NU!o1fH'~ 
162 16': 166 167 l6q 16° 1 7 1 171 1 7 2 17 6 
3 .962 1') .0 0.'1 0 .2 243 n. r: o. o .) . 804 1 o.o 0 , " .... . 0 ('). (: . 
1. 9 81 J .021C 0.0497 0 .70 90 o. o 0 . 0547 1 . 88 74 '1,04 6 9 o. ') r.o 0 . 0 
0.991 0 . 6672 0 . 121'1 2 1.3132 o. ~889 0 .6565 0 . 97l'i 0 . 0>17 8 0. ~ 271 ) . 8R49 G, ('118 
0 . 495 7.2987 1 . 39()6 4 . 4289 1.725 7 4 . 4944 1 . 6035 0 . 69 9 1 1.3663 48,1423 0 . 0 3 8 6 
0.351 21.29 7 6 6. 7385 6. 9:J71 3. '54 4 9 13.3642 3 . 1 7 57 3.140 3 5.3 C5o 7 0 .2362 t', l'H4 
0.246 48.74 93 23.9344 14.2912 11.1,789 19.M13 9. 1' 89'5 14. 84"4 16.371 0 93.5327 () . 41 •) 5 
0.175 86.0569 59.6089 42.3603 40.6026 58.1999 34.4865 50 .51 21 38.9832 97,(1221 7,46 2 4 
0 . 124 <;5.4585 E8,6C29 84.7616 81.34 4 5 91.5260 78 . 2 0 19 89 . 4111 74.7789 99 . 0084 49, 93 '5 5 
0 . 088 <;7.7879 96.5221 97.40 02 94.9413 98. 2 ') 11 92.7266 98.46 3') 95.1 0 7 9 0 9 ,6454 8 6 , ( ~ 4 5 
0.06 1 98.4967 97. 13 54 6 q q. 5738 96.9349 99.2334 9 5.4249 99,339 3 9 8.79 4 2 99 .7305 95.1 643 
o.o 1~ 0 .0000 1 CO. OOOO 1 C•0 . OIJOO 1 0 0. 0 000 1•JO.Q t) Qf) 1(' 0. 00 0 0 100 ,0000 1~0.01')0:) 1 ·)f'l. 0 00 ') 100 . 0') (11'\ 
PAN SI ZE SAMPLE NIJ"1RER 
1 78 17'7 180 1A2 1 8 3 1A 4 185 1'36 209 21 ('1 
3.962 o. o o. o o.o o. ~ ').0 ·J. c o.o 0.1) ,...o C',40 C· 8 
1.981 o.o o.o 0.0203 o. 0 180 o. o 0.(\ ·:'1 .11 '52 0. '1 416 (\ ,(I 4.6283 
0. 99 1 0.1100 0.1437 0.2555 0.1084 0.1706 0.1245 1.9737 1.40'')1 G,01 0 5 29.8391 
0.49 5 7 . 0854 1.38 4 1 2.11()2 o. '5 62 9 3. 46 84 :.>.6132 17.1991 !5.70 1 '1 ".5 766 76.7361 
0.351 37 . 6894 3. 9748 3. 9 679 1. 81 53 7.5785 1.6638 46.5311 35.1 C•51 1. 7589 87.:?802 
0 .246 80 .6 3 11 14. 0 984 8 .4')8 9 6. 93 76 14.69 A3 7. 63 27 71.2955 65.1645 6.6158 93. 27 96 
0.175 95.2300 41.335 8 35.48 8 0 30.5295 41.08 29 55.15'57 92 . 717 9 9 1 . 481 '1 24 . 792 5 9 6. 3341 
0.124 98. 2 520 71 .. 9481 74.3790 80.8339 91.6441 90.0495 99.00 82 98.3629 73.7509 98.5'515 
o.088 99.4762 <;6.4316 96.4700 97.3676 98 . 8311 98. 9363 09 . 66?8 99 . 5199 94 . 1673 99 . 63 8•) 
CD 0. 0 61 <;9. 8166 <;9.0610 99.1562 98.9271 99.539') 0 9.5976 99.81'53 C:9.691'5 97.9561 99. 85'57 
CD o.o 100.0000 100.1"1000 1M . OO J O 100.0000 1<'0.0000 10'). 0 000 1oo.oocr! 1 G O."~ C OO li:IC, OO C IJ !00. 00 0 0 
PAN S IlE SAMP LE NU"1'3 E~ 
211 212 213 214 215 216 217 218 219 22J 
3.96 2 o.c o. a o. o o . o o .o o. n o. o 0., (' :),(\ o. o 
1 . 981 o .o o. o o. o 0. ') o .o o. n o. o () , ()2 42 o. 0 0 . 0 
0.991 1) .0264 0. 0 26 0 0 .7725 0 . 6543 0.0298 '). ('o1 99 0 . 0~ 65 0 , 1.J 89 1'\ ,0571 O, C5 2 1 
0.495 0 .30 57 1.9371 4.41 0 5 2. 1)492 0 .59 3 9 1) .9173 1. 0926 1 . 7 0 1 2 r •• 51 94 1. ·1803 
o. 351 c.9399 B. 3 723 5. 8931 3. 1)6 76 3.4448 2.84513 2. 8927 2.1872 1.1117 3.9348 
0.246 2.8403 21.0811 7.4379 5. '52 4 1 11.69(11 5. 2159 4.9823 4. 0 123 2 . 87 1 9 9 , 1664 
0.175 11. 76 40 42.6052 14.55C3 13.9059 24. 09(' 1 12.7851 12.9664 24.1108 13.0498 21.130 5 
0.124 67 .4182 83.67 6 () 60 . 8609 59.3364 59.1834 64.1679 67.6565 78.116A 67.4466 69.5147 
o.o8s 94. 4 067 <;7.2148 92.4169 94,1157 94.9460 95.7819 96.11)8'5 97 , 3957 9'5.3721 94,5407 
0 . 0 61 <;8 . 56 0 4 <; 9. 1188 98 .285 1 98 . 55 70 9 8.4 255 99 . 0 8 81 99. 1292 0 9 .~32 1 98. '5893 9 8 .6039 
o.o 10C.OOCCl 1CO.OCOO 100.0')0 1) 1 oo. ')000 10 0.00"0 1 0 0.00 00 1•)0 . 0000 1 'i 0 . 1 0"!.1 100 ,00:) 0 10 '). 000(· 
PAN SI ZE SAMPLE NU"'BER 
2 29 23 C 2 31 23 2 233 23 4 240 24 1 2 42 245 
3.962 o.o o.o o.o o. o o .o o. c o . o 0.0 8 6 6 0 .0899 o . (' 1.981 o .o 0. 02 60 0 .0(}2 7 0 . 03 53 o. o 0. 0 105 0 .03 29 0 .213 5 0 .0993 0. 0 5'57 0.991 0 .0 1 47 0. 2 86(' 0 . 0 36 1 0 . 1 662 0 .05 20 0. 08!)6 0 .44 8" 1. 2 6 3 7 ') . 3649 0 .4 (1 44 0 .495 0.3294 2.7881 0 .26 6 7 1.2433 0 .7911 0.93 4 0 2 . 6766 3. 5 2!15 2 .71 4 7 8 .803 7 0 . 3 51 1.30 49 6.8 2 58 1.10 6 0 3.8 253 1.7771 2.6680 7.103 4 5. ~r4s 1 5. 947 6 3 5. ('1'1 6 5 0 .246 7.20 90 18.1621 5. 2 3 5 5 15. 4 216 '5. 392 2 12 . 348(\ 20 .1535 9, 9 A47 5?. 043 0 64.78 2 ~ 0.175 48.4085 !:2.1527 52.3194 57.898() 2 6.41,4 "1 62.2640 60 . 328 1 4 2. 7 0 46 A6. 7141 9 3. 2:)93 0.124 8 9 .2937 89. 3<; 77 90 .56 99 91. '5164 8 1 . 9463 91. 9 720 8 5.705 1 77, 2451 98. 0 514 98. 856 2 1.088 9 8 .3996 <;7. 8 26A 98.336 9 98.6395 97.297 9 9 8.7180 98 .7 2 84 en. R9 6 D 99 . 6 ("4 7 09. 69 76 0 .061 99 .30 42 <;8.8867 99.2835 99.4971 9 9 . 16 4 9 99 . 5 516 99.76 39 9 5 . ?7r' 2 99 , A06 5 99. 8132 
0.0 lC O.OO OO 100. •)CO C 1 '10 . Ocl OO 1 no . ooo o 100 . OQr· o 1 ao. ococ• 1o o .ooc n lJ0 . 100 0 1"" , 0 0 (' 0 H ; O. 1'\:'00 
.. t..: . ' 
. ' 
•.t I' ' I \ 
'. '• . 
, . .. 1 ,;-' I .... ~ 
. 
. ' ' · . 
. 
SUM~ARY OF tUMULATI VE PERCFNT S 
PAN SIZE S.A~PLE NU"'BEQ 
246 248 249 25::' ?51 2'53 2 54 2')5 2 56 lf.o 
3.962 J . 0 0 . 1') ~ . o 0 . 1329 o.o J . ( ') . 0 ~ ."' - \ · . 64 ) 5 o. c 1.9 81 o. c C. 0344 C. 3743 0.8')')4 0.0321 O. C' r . o427 "· " - 2 .4469 ') ,41 6l 0 . 99 1 0 . 127('1 0.1118 0 1.1138 1.6684 1 . 31165 0.467 8 1.0 f> 71" ~~ . 1 944 -1 ··· 6fl23 (\ . 71 5 1" 
0.495 2 . 5367 0 . 6657 3.3190 4. 2121 4 . 0 276 14.3746 13.48 13 1 :. . 69 79 -29.0586 1.'5 '5 54 
0 . 351 11.11378 2.5281 9. 3%5 10.44 71 5.063 2 33 . 26')3 34 . 0fl 94 l2 . 086q -4 2.8838 2 . 5 A44 
o . 2"· 6 47. ' ' 719 16 . 64 96 30.0899 32.31152 8.0'5(' 9 57 . 65 17 l:>fl .26A" ~ C . 338'1-2 537 . 3413 4 . 9189 
o. L 5 89.4521 73.96 4 8 71.9736 75. 4345 30 . 7 033 'n.123A 9') .1 306 5 7. 2 fl 68 1') C1 .00 " C• l ·J.l936 
o . J24 S8 . 3t.13 S4.8824 95.7951 94. 9088 70.8221 9 5.5923 96 . 59 87 'l3.37 9 S 1•'):1 . Cf"J() 23 . 7816 
0 . 0 88 <;9.8426 S9 . 3518 99. 1\l53 98 . 2899 94 . 9363 9() . 2779 99 .C 2'l3 96.4255 l'J '1 .(1C00 68.131'5 
0 . 0 6 1 S9 . 9438 <;9.7634 99.6548 99.1722 97.8977 9 9 . 762 0 99 .483 7 98 . 90 49 1"0 -0 0')(' 81.6~79 
o . o 1 00 . 0000 1C0.1000 100 .00JO 1 o o. 0 000 10 0.000 l 1 0 ·J.C ODC 1 ~0 .0"0" l. "•0 . "0C Cl 1 ')" .0 C'JO 100 . 0'} " 0 
PAN ~ IZE SA"'PLE NU"'BER 
260 261 26 2 266 267 268 273 '27 4 ?. 7 5 27 6 
3.962 o.o o . o a.o 0."1 o.o o.c o.a 0 . '; (1 , (' 1),( 
1. 981 :J .O O.J ,). c 0.0498 o .o ·). 0 G.O 0 ."849 '1 ,1287 (\ . (: 
0.991 ') .0281 0.'1085 ) .21 23 1. 3858 0 . 575 1) 0 . 060 1 1 . 4 8 fl4 1. "39'5 2 .1 969 (1 . 2 c:; (' 1 
o. 495 0 .8577 0.2725 1.8356 21.4731 2.5236 1.43'51 47.3573 43.'5567 2C. 7 24 1 8.44] I' 
0.351 4 . 2418 2.6832 8. 4556 41.0788 6.0763 4.8541 77.7776 67.4355 41.4557 39 . 28 12 
0.246 17.6034 17.3S72 17.5746 60. 0 698 12.0793 13 . 5623 Q3 .9842 86.7('5'5 72 . C6l 3 8 0 ."0 35 
0.175 5 1.1147 f2.2166 47.1 251 86. 02 87 16.4056 53.2954 99.00 11 97.2345 92 .96 85 9 7.1 622 
0.124 EO .l830 86.7689 83.6972 97.0669 81 . 7 1) 38 78 . 5973 99. 5346 98.8 305 en . 39()7 99.2183 
0.088 88.8136 <;3.0340 93.8196 98.7562 97.3941 90.8699 99 .19 2 1 9 9. 6 "i01 99.2920 99.7594 
00 0.061 93.09 23 95.5796 96.983 0 :) 9. 23 33 99. 1 331 96.0423 99. 917 8 99.83 29 99.6581 o9. 8A63 
(0 o.o 10 0 .000 0 1CO.OOO C 100 .01):)0 1.00.0000 100.0000 100. ('0 0 0 lO G. 0 00 0 100. '"~C· O O l 0C . OOJ0 l "J O. OC'JO 
PAN SIZE SA"'PLE NU"'BER 
277 278 279 286 287 2 8 8 289 29 1 ?92 29 3 
3 . 962 c.o 0.') c .o 0,1) o. o 6 . 9317 4.3 26 4 1.'5761 7 .393 1 o. o 
1 . 9'31 ') .02 0 7 o. o o.o o •. ') o.o 7 . 1939 4. 548 8 1. ') 7 61 7,82 5 7 0. C· 
o. 991 1) .3111 1. 312 A 0 .4980 0.'5759 0 . 0475 7 . 5115 5. 9944 1. f. CI) 6 'l, l65 Q o .n47 
0.495 1C. 1919 39 . 7215 40 . 57 3 4 2.1612 1.4351 12. 2499 18 .1167 1. 97 75 9. 9?77 c . 2197 
0 . 351 44.1675 f9 . 1549 72. 4 5A 8 1. 101 0 10.4794 25.1305 32.832 3 4. 0 135 15.6281 1. 0 "i78 
0.246 83.9545 <;3 . 4832 92 . 0229 35 . 3722 32.1835 34.6362 39 . 9882 10. 2 0 q 2 34.8125 6.7413 
0.175 S7.1648 S8 . 5132 99 . 0846 60. 2932 53 . 3173 40 .8547 48.31 0 4 26 .8746 66.6145 3 6.5 602 
0.124 S9.0328 <;<;.32 9 8 99.7 8 1 2 73 . 5745 69.7891 50.7659 63.9439 57.4714 81,3 '5 83 73. 7V)} 
0.088 99 . 6172 99 . 7126 99 . 9290 86.8986 88 . 9334 65.6680 78.2382 88.5836 91.4894 93.1411 
0 . 061 9S.8096 <;9 . Fl362 99.S67 0 92. 1143 93 . 6650 77.1518 85.51)52 9 4. ?.4 45 94.1529 96 . 360 1 
o.o 1 CO. OO OO 100.0000 100 .0000 1 00. 0 000 100.0000 100 . COOC' 100.000" 1 0 0 . 0 1) 0 0 t on . oro0 ! 0 0. 0000 
PAN SIZE SAMPLE NUMBER 
295 339 340 141 342 343 344 345 3 4~ 346 
3.962 0 . 3299 o . 0 c.o 1.4236 o.o 'J . 2386 o . 0 4 . 9605 0 . 1037 c. . ~ 
1.981 0 . 4491 o . o o . o 8.01)60 o. o o . 60 20 o . o 18.7554 0 . 4324 0 . 1 
0.991 0 . 6179 0 . 0824 0 . 02 5 4 40.4579 0 . 0143 4 . 2152 0 . 0283 32.1:>825 1.0118 0 . 0 341 
0.495 1.4380 0 . 9723 o . 0714 54.9395 1. 0 80 5 11 . 1728 o . 20 71 46.'5757 2.34'57 0 . ') 739 
0.351 3 . 5598 11 . 2443 3 . 2494 61. 0 087 9 . 3670 14 . 4101 1. 2771 60 . 921 8 6.2477 0 .7127 
0 . 246 15 . 5692 4<; . 1793 4 2 .9715 69.6548 32.6407 ?2.6886 8.9560 77.5 5 S" 37.8888 19.~398 
0 . 175 6 6. 0518 87 . 0627 84.4366 117.149'5 77 . 58 88 66 . 5628 66.1749 90.958 8 82. 502 '5 79 . 3841 
0.124 88. 811C• c;8 . 8287 98.6479 98. '5396 9'5.8 0 62 03 . 5187 93 .6 352 9 8. 37 41 97,t.C30 95.8560 
0.088 96.2 529 S9.8355 99 . 7 A9 7 99 . 9 167 99.5231 99.6581 99 . 5210 99.q837 Q9,1530 9 9. 5'1 45 
0 . 061 97. 688(1 <;9.9136 99.8784 9 (). 989 1 99.8 0 4 2 99.870 1 99 .786 6 9 9 .9868 99.4384 99 . 71138 
o . o 10 0 . 0000 1CO. OO OO 1 ~') .') ()00 1 1 0. Q IJI')~ 1"0 . 0 000 1 00 . 0000 10 0 .000 0 ] 1) () .') () 0 () 10 ·1. ('\ (11"0. 100 . 00')(' 
PAN SIZ.E 
34 7 ~41'1 3 4 9 
3 .96 2 1. 837() 6.5902 5. 4 662 
1.981 2.4762 21.~51JG 27.933 7 
0.991 3 .53 31 49,584" 64 .1439 
0.495 4.9933 t2.6935 83.9485 
0.351 9 .1302 l:7.9036 88 .7454 
0.246 31 .09 36 74. 9197 92. 059 7 
0.175 73.1338 86.4655 95.8590 
0.124 95.7417 96.5223 99.3611 
o . 088 98.9818 99.3843 99.9474 
0.061 99.5132 99.8926 99.9845 
o.o 100.0000 1CO.Or:l00 100 .0000 
PAN SIZF 
367 '16!3 369 
3.962 o. 0 0.193C c. c 
1.981 0.4755 0 . 5 742 1) .0 54 5 
0.991 19.7762 12.9995 8.1 9 13 
0.495 92. 721P 79. 0 089 85.6815 
0.351 CJ8.5392 95.5181 CJ8.5672 
0.246 t;9.7299 99.294CJ 99.8957 
0.175 99 .9736 <;9 .9022 99.9752 
0.124 9CJ.9913 99.9770 99.9 8CJ~ 
0.088 99.9952 99.9898 99.9955 
<.0 0 .0 61 <;9.9971 99.9936 99.9974 
0 o.o 100.0000 1CO.OCOC 100.1'1000 
PAN Sllf 
377 378 379 
3.962 0 .1844 0.1) o.o 
1.981 6.3878 1.J487 o.o 
0.9CJ1 74.7140 29.3896 1.431 3 
o.4CJ5 99.4118 9 1.1353 24.3583 
0.351 c;t;.B270 98.103A 43.8687 
0.246 t;9.9122 9 9.3798 61.3373 
0.175 99.9757 <;9.7695 78.1993 
0.124 <;9.9889 <;9.9581 90 .8887 
o.088 99.9937 <;9.9833 95.3539 
0.061 99.9968 99.CJ910 97.202 2 
o.o l'1 C.00 0 0 10 0. 0 000 100.0000 
PAN S llE 
387 388 3 8 9 
3 .96 2 o.o o.o 4.1Gl C 
1.981 0 .9366 C.') 24 .069 7 
0.991 32 .6664 0.4755 88.1912 
0.495 92 .88 33 15.6518 CJ9. 8373 
0.351 98.7322 32.8362 9CJ.915 6 
0.246 CJ9,6535 tl.68 99 CJ9,959 0 
0.175 99.9058 92.0833 9CJ. 9%9 
0.124 ~9. 987 9 97.2394 99,<;96() 
0. 0 1'18 99.9961 98.466CJ 99,CJ980 
0 .061 9CJ .9CJ"ll 98 . 91!26 CJ9 .9987 
o. o 10 0 . 00 0C l CO,OIJO v 100 . 0 0 '] 0 
i •• ', 
SlJMM~RY OF CUMULATIVE PERCFN TS 
S~MPLE NU"'B E~ 
~60 3 61 
o. 307" 0 . () 
4. 5041 0. 1696 
50 . 0 731 10.8804 
n. 1211 96.450') 
99.6753 99 ,85 37 
99.9003 99 .9767 
99. 9700 99.986!3 
99, 991G 99.994 0 
99.9981 99.9974 




2. 7750 o . 0979 
12. 1)5 80 3 .5647 
68. 0 229 68.6853 
97.1017 99.0911 
99.3696 99.8361 
99. 8356 CJ9.961 0 
99.9567 99.99('2 
99.9CJ'J4 CJ9.9955 
99. 9976 99.9976 
99,CJ993 99.99 83 
100. 00 01) 1"0 .000 0 
SA MPLE NU"'BER 
3 131) 381 
O.'J o.o 
11.3128 1.1169 
91. 1110 34.5 371) 
9CJ.902 (1 CJA,OB ~'CJ 
99.9429 99.8"197 
9 9.CJ597 99.9784 
99 . 9843 99.CJ888 
9CJ. 9CJ31 99.9935 
99.9964 99.9962 
99, 9977 99.9981 
1 00 , 0 00" 100 .0000 







99 , 27'50 
CJ9. 'l265 
9 9. q 3 21 
99,0657 
99. 9 78 6 
1 00 , 11000 
391 
o.o 
0 .0 222 
1.21 62 
10 .53 95 
19.930 2 
44.2 12 7 


































0 .5 50 1 
28 . S431 
61.4456 
82. 8 336 
93.1085 
9 5. 7344 
96. 77')7 
97.4763 












1 00 . 000(' 
36'1 3A4 365 ~ 66 
o.o 0 • . ., "' . 0 2. 1"' 24 
1.51,13 C. 1059 C' .(l 9 . 59 21 
66.6727 22.~'"178 ·:' . 5753 54.967" 
99.8378 94.5995 2". 28RR 95.3981 
99.9674 9 9.562 2 44.3076 98.8578 
99.981 0 99.9623 78.2188 99.697 3 
99.9"!BF:l 99 . 9896 n. 6366 99,9429 
99.9944 99,994R 96. 4865 99.9859 
99.9970 99,9965 97.8351 99.9944 
99.9981 99 .• 9973 98 . 2284 99.998 (' 
100.01)1) 0 100.")('0') 100.0000 100. 0:) 0() 
373 374 375 376 
o.o 7. 0 41 1 "•0 o. c 
o.o2 o n 31.14 0 1 1.0233 O. IJ 
2. 9716 81.76 0 3 31.0155 0 . 9 ·" 3 l 
52. 23CJ6 99.4118 %. 7388 37.3568 
74.2151 99.8('9') 99.5417 69.2'363 
84.5'397 99.9215 99. 8611 84.8~ 0 8 
89 .8134 99.CJ74CJ 90.9393 94.1643 
93.5888 CJ9.9861 99.9655 CJ7. 69 0 5 
CJ5.2329 99,9929 99.9816 98.6374 
CJ6.00 45 99.9966 99.9887 99. 0 711 
10 0.00('11') 1 00.000 0 110.0000 l 01).01' 1JQ 
38 3 31'14 385 386 
o.o 0. 165CJ 0 .0 0.21(13 
3.1776 O. CJ807 C' ,O 5. 112 0 
42.5888 16.1730 1.80 66 66 .534 5 
97.1323 CJ5.8CJ09 32.980 1 9CJ. 810 6 
9CJ.1279 CJ8. 779 5 51). 4402 CJ9.CJ422 
9CJ.5842 CJ9.4 8 6 ') 7'3.1 0 42 9 9.9 6 72 
99.88CJ4 99.8C C3 94. 890 5 CJ9.98 2 7 
99.9875 99 , 907<; 98 . 2628 99 . 990R 
99.9952 99.9541 99. 0 743 CJ9.CJ94 0 
99 , 9977 9CJ.9767 99.3862 99.9056 
11)0.0000 1'10. 0(' 0 8 100 .0('0(' 100 ,Qt10C 
393 394 395 396 
0 .3058 o. •) 2. 0 0 13 0. 3 139 
3.3470 0 . 1) 454 14.6876 1.7 '1 14 
4 3 .8 ~ 54 4.5727 67,1427 2 a. 9618 
87 .6696 2.7.3503 97,CJ958 CJ2.5822 
96.6243 39.6652 99. 1135 q 8. 6729 
99.1) 59 57 . '3 75 6 9°.666 0 CJ9, 71\41 
99,8034 85 . 7836 CJ CI ,923 C CJ9 ,9577 
99 .971 3 CJ7. 36C<; 9CJ.9851 9CJ,9A37 
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. ' 
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I \ l • t' ·~ 
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3G7 4 ')2 401 
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411 412 41 3 
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SU~~ARY OF CUMULATIVE PERCFNT S 
S AM P l E NU M R E R 
4 •::' 4 40'i '•f) 6 
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0 . 1 0 .0 C) , (' 0, (1;?') 7 <) .01 09 o. r.c 92 
0 . 2491 O,O 'i75 0 . 1) 721"' 
1. 2963 ') . 19CA J . 3 1 64 3.0624 1.7173 1.1143 11.2847 7 . 9Q,:'< '5 7. 5887 
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87.5999 91.7967 87.77 07 
92. 'lJ36 95.01)09 92 . 68 45 1'J0. 00()') 1')1),QI)CCl 1o o . •:o on 
SA'1PLE NU'18ER 
41 4 41'5 416 
o. tJ o.o 1. C' 
o. o 0.0 0 . 0 
0 . 0 545 0.051 ') 1 . 0 118 
1. 1900 0 .21 '32 1. 0 67 ~"'· 5. 53 32 ·J .484'i 4. 7213 
18. J 615 1.1474 11.2226 
4 7. 8847 6.97 23 31 . 2522 75.9024 '50 . 022 0 73 . 2 42fl 91. 9 752 80.7036 90.461" 94.8884 89 .1 1)95 94 . 7319 
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APPEND IX E 
Summary of phi percenti l es and Inman parameters 
for all samples collected for t he quasi~synopt i c 
areal survey . Sampl es desi gnated as roc k or run 
by pipette analysis are l i sted separatel y at t he 




t ' I* ,' , 
SAMPLE HRCENTILES 
NUMBER 95 84 50 16 
1 3.105 2.644 2.193 1.655 
2 3.044 ~-589 2.160 1.684 3 5.943 .ooo 2.578 2.066 4 3. 761 3.105 2.484 2.120 
" 
4.322 3.494 2.986 2. 52 5 6 3.322 2. 889 1. 798 0.786 
7 3.396 2.930 2.415 2.112 
8 2.725 2.405 1.856 1.063 9 2.621 2.226 1.033 0.218 
10 2.957 2. 610 2.260 1.902 
11 3.322 2.849 2.340 2.014 
12 3.168 2.798 2.383 2.044 
13 3.454 3.029 2.454 2.051 
14 2.415 1. 916 1.205 0.434 
15 3 . 737 3. 089 2.529 2.051 
16 3.786 3.044 2.415 1.964 
17 4.474 3.358 2.589 1.655 
18 3.621 3.014 2.415 1.824 
19 3. 761 3. 168 2.599 2.16 0 
20 4.434 3.014 2.358 1.916 
21 4. 737 3.322 2. 331 1.767 
22 4.837 3.599 2.749 1. 401 
25 2.567 2.349 1.869 1.340 
{() 26 3. 10 5 2.678 2.000 1.286 
()J 27 3.474 3. 184 2.655 2.044 28 2.798 2. 386 1.707 0.862 
29 2.725 2.424 1.950 1.469 
30 2. 65 5 2.358 1.805 1.295 
31 2.725 2.415 1.882 1.382 
32 2.889 2.463 1.761 0.168 
33 3.120 2. 916 2.494 2.10 5 
34 3.515 3.201 2.578 2.014 
35 5.943 5.184 2.304 1.767 
36 4.690 2. 737 1.415 -1.799 
37 3.678 3.161 2.578 2.074 
38 4.515 3.515 2.930 2.494 
39 3.862 3.358 2.695 1.805 
40 3.621 3.152 2.434 1.749 
41 3. 340 2.930 2.168 1.454 
43 3.434 3.120 2. 610 2.226 
44 3.836 3.690 3.168 2.930 
48 2.218 1o 837 1.222 0 .184 
49 3.515 3.286 2. 72 5 2.112 
50 3.761 3.368 2. 862 2.358 
51 4.599 3.667 3.C74 2.464 
52 4.786 3. 889 3.234 2.701 
53 4.474 3. 836 3.269 2.889 
54 4.690 3. 737 3.218 2. 902 
55 4.599 3.644 3.029 2.610 
56 4.515 3.578 3.044 2. 701 
57 3. 798 3.322 2.690 2.168 
58 2.943 2. 386 1. 713 1.148 59 2o26G 1. 943 1.504 1.037 
60 2.386 2.105 1.690 1.209 
'. . ' 
SU~MARY OF SA~PLE PARA~ETfDS 
05 MEOIAN ~EAN 
!.222 2.193 2.150 
1. 164 2.160 2.136 
1. 363 2.578 3. 533 
2.COO 2.484 2. 612 
2.176 2.986 3.010 
0.304 1.798 1. 83 7 
1.474 2.415 2.52! 
-0.614 1.856 1. 734 
-0.239 1.033 1. 222 
1. 5C9 2. 26C 2.256 
1.638 2.340 2. 432 
1.678 2.3~3 2. 421 
1.633 2.454 2.540 
0.105 1.205 1.175 
1. 556 2.529 2.570 
1. 520 2.415 2. 504 
1.112 2.589 2. 50 7 
1. 377 2.41..5 2.449 
1o 811 2.599 2.664 
1o46Cl 2.358 2. 465 
1.291 2.331 2.545 
0.286 2.749 2. 500 
0.902 1.869 1.845 
0.667 2.000 1.982 
1. 313 2.655 2.614 
0.358 1.707 1.624 
1.112 1.950 1. 946 
0.943 1.805 1. 827 
1.074 1.882 1. 89 8 
-0.660 1.761 1. 316 
1.780 2.494 2. 510 
1.222 2.578 2. 608 
1.415 2.304 3.476 
-2.449 1.415 0.469 
1.621 2.578 2. 618 
2.193 2. 930 3.004 
1.112 2.695 2. 582 
1.286 2.434 2. 451 
-1.731 2.168 2.192 
2. 023 2.610 2. 673 
2.567 3.168 3. 310 
-2.121 1.222 1.010 
1.415 2.725 2. 699 
1.546 2.862 2.863 
1.256 3.074 3.065 
1.936 3.234 3.295 
2.667 3.269 3. 363 
2 .749 3.218 3.320 
2.484 3.029 3.127 
2.425 3.044 3.140 
1.761 2.690 2.745 
0.621 1. 713 1. 767 
0 .667 1.504 1.490 





1.467 o. 651 
0.492 0.261 
0.485 o .~49 
1.052 0.037 
0.409 0.259 




o. 3 77 0.102 
0.489 0.176 
0 .741 -0.040 
G. 519 O.OBO 
0.540 0.165 
0.852 -0.096 
0.625 0 .054 





o. 696 -0.026 
0 .570 -0.')72 
0.762 -0.109 
0.477 -0.008 
















0 .505 0.001 
0.601 -0.015 
0 .594 0.102 
0.474 0.198 
0.417 0.245 




0.453 -o. 032 
C.448 -0.07~ 
..... '· r 
' f ••. 
SKEWNESS2 KURTOSIS 
-o. o 59 0.904 
-0.124 1.07B 
o. 733 0.561 













0.240 0 .974 
c .135 0.795 
o. 3 70 0.935 
1. 080 1.699 





-0.169 0 .601 






0 .805 0.325 
-o. no 0.574 
0.132 0.891 
0.831 1.275 
-0.268 o. 770 ('.028 C'.664 
-1.848 2.437 
0.265 0.578 
o. 089 0.670 




o. 213 1.399 
0.636 0.907 
1.202 1. 325 
o. 992 1.047 
o. 971 1.385 
0.156 o. 765 
0.112 0.875 
-0.090 c.757 
-0.259 0 .815 
SAMPLE FERCENTILES 
NUMBER 95 84 5(1 16 
61 2.425 2.097 1.650 1.148 
62 2. 737 1.889 1.000 0.358 
63 2.269 1.902 1.363 0.837 64 2.464 2.136 1. 725 1.247 
65 3.322 2.986 2.484 1.993 66 1.896 0.837 -0.195 -0.880 
67 1.131 1.000 0.340 -0.406 
68 3.089 2.589 2 .074 1.345 69 0.773 -0.057 -o. 121 -1.614 
70 1.583 1. 089 0.405 -0.310 
71 2.916 2.349 1.308 0.415 
72 1.354 0.599 -0.541 -1.359 
73 1.792 1.434 0.824 0.193 
74 2.464 l-701 0.737 0.234 75 1.909 .218 0.152 -o. 774 
76 2.105 1. 805 1.097 0.295 
77 2.377 1.856 1.148 0.396 
78 1.816 1. 286 -0.064 -1.081 
79 1.964 1. 616 1.070 0.322 
80 2.655 2.269 1.430 0.504 
81 2.160 1.792 1.044 -c. 36 2 
82 1.971 1.707 ' 1.189 0.464 
83 2.644 2.193 1.278 0.655 
84 2.454 2.160 1.520 -0.014 U> 85 2.252 1.943 1.520 1.040 
~ 86 3. 218 2.578 1. 713 1.022 
87 2.415 2.089 1.551 0.61(' 
88 2.059 1 . 707 1.152 0.377 
89 2.701 2.295 1.616 1.025 
90 . 2. 386 2. 286 1.731 0 .971 
91 2.091 1.843 1.345 0.701 
92 1.792 1.454 0.824 0.184 
93 2.599 2. 252 1.667 0.916 
94 2.152 1. 882 1.484 1.093 
95 3.059 2.160 1.661 0.911 
96 2. 644 2.322 1.786 1.331 
97 2.358 2.059 1.684 1.300 
98 2.007 1.672 1.082 0.201 
99 2.286 1.930 1.340 0.578 
100 2.358 2.044 1.650 1.218 
101 2. 655 2.171 1.382 0.749 
102 2.633 2.331 1. 849 1.269 
103 2.304 2.066 1.737 1.349 
104 3.074 2.701 2.128 1.489 
105 2. 655 2 . 377 1.936 1.415 
106 2. 295 2.051 1.650 1.264 
107 2.218 1.737 1.112 0.454 
108 2.535 2.286 1.749 1.269 
109 2.000 1. 667 1.205 0.546 
110 2.396 2.168 1. 773 1.352 
111 2. 515 2.295 1.792 1. 401 
112 2.340 2.066 1.655 1.247 
11 3 2.074 1 . 707 1.120 0.444 
114 2.358 2.051 1.474 0.690 
• I ,. '• ' 









































































































































































DEVIATION St<EWNESS1 SKEWNESS2 KURTOSIS 
0.474 -0.057 -0.312 0.946 
0.765 0.162 0.482 0.788 
0.533 0.012 -0.040 o. 739 0.444 -0.075 -0.197 0.860 0.496 o.ou 0.026 0.662 
0.858 0.202 0.491 0. 946 
0.703 -0.061 0.153 0.826 
0.622 -0.173 -0.306 0.938 
0 . 778 -0.139 0.187 0.740 
0.700 -0.023 0.029 0.654 
0.967 0.076 0.193 0.469 0.979 0.165 0.296 0.639 
0.621 -0.016 -0.249 0.809 
0.733 o. 315 0.725 0.629 0.996 0.070 0.117 0.648 
0.755 -0.062 -C.133 0.468 
0.730 -0.030 0.122 o. 562 
1.183 0.141 0.112 o. 527 0.647 -0.15 7 -0 .067 0.449 
0.882 - 0. 049 -0.006 0.396 
1.077 -0.305 -0.386 0.422 0.622 - 0.166 -0.198 0.457 ('.769 0.190 0.291 0.486 
1.087 -0.411 -o. 5 93 0.453 0.452 -0.062 -0 .434 1.055 
0. 778 O.ll1 0.096 0.838 0.739 -0.272 -0 . 522 0.690 0.665 -0.165 ' -0.064 0 . 428 0.635 0.070 -0.029 0.738 0.657 - 0.155 -0.947 0.944 0.511 -0.127 -0.268 0.586 0.635 -0.007 -0.175 0.701 0.668 -0.124 - 0 .315 0.712 0.395 0.009 -0.246 0 .939 0.594 -0.160 0.562 0.790 0.495 0.082 c.uc 0.622 0.380 -0.012 0.141 0.636 0.736 -0.197 -0.397 0.655 0.676 -0.128 -0.124 0.524 0.413 -0.045 -0.079 0.794 
o. 711 o.uo 0.131 0.659 0.531 -0.093 -0.398 0.872 0.359 -0.081 -o.o8o 0.661 0.606 -0.054 -0 .083 0.643 0 .481 -0.084 -0.356 o.a5o 0.393 0.021 0.104 0.537 0.641 -0.026 0.113 0.610 0 .5 09 0.05 6 -0.073 0.618 0.560 -0.176 -0 .134 0.552 0.408 -0.033 -0.071 0.596 0.447 0.125 0.039 0.576 0.4 10 0.0()4 -0.066 0.739 0.632 -o. on 0.034 0.476 0.681 -0.152 -C.242 0.541 
- I t \ \ 
~r · i 
' l ' • .' I t ' ', ~~ 
. ' 
t 
• j ' 
SU~MARY OF SAMPLF PARAMETF RS 
SAMPLE FERCENTILES PHI PA RAMETERS NUMBER 95 84 50 16 ['5 MEDIAN MEAN DEVIATION SKEWNESSl SKEW"lESS2 KURTOSIS 
115 2. 278 2.014 1.661 1 . 27 3 1.078 1. 661 1. 644 0 . 3 71 -0.046 c.045 0 .61 8 116 2 . 0Q7 1. 737 1.!_93 0.556 J .26G 1.193 1.147 0.590 -0.078 -0.024 0 .556 117 2. 209 1. 71 q 1.176 o. 504 0 .051 1.1 7 6 1.112 0.607 -0.106 -0.076 0.776 118 1.964 1.655 1. 22 6 0.589 C.260 1.226 1. 12 2 0. 5 33 -0.195 
- c . 213 0.598 119 2.349 1. 862 1. 317 0.761 0.415 1.317 1 . 31 2 0.551 -0.010 c .118 0 .7 56 120 2. 546 1. 881 1.567 0.667 0.286 1.567 1. 27 4 0 . 61)7 -0.48~ -0.249 c.861 121 2.245 1.964 1.469 1.074 0.690 1.469 1. 5 19 C.445 0 .11 3 -0.004 0 .74 6 122 1. 957 1.605 1.037 0.358 0.12 8 1.037 C.Q92 0.623 - 0.088 0 . 010 0 .467 123 2.678 2. 377 1.B89 1. 363 1. 101 l.'l~9 1. 870 0.507 -0 . 037 ('.001 0.555 124 2. 368 2.112 1.786 1. 42C 1.172 1.786 1. 766 0 . 346 - 0 .057 -0 . 046 (' . 726 12 5 2.209 1.773 1. 213 0 .494 0.234 1.21 3 1.134 0.640 -0.124 C'. 013 0.544 126 2 .599 2.340 1. 843 1.308 Q.811 1.843 1. 824 0 .51 6 -C.036 -0 . 267 0 .7 34 127 2.286 2.007 1.661 1.264 1. 0 85 1.66 1 1.636 0 .371 -0. 067 0.067 o. 617 128 2 .610 2.405 2.051 1.562 1. 201 2 .0'51 1.984 0.422 -0.161 -0.345 0 .6 71 12 9 2 .396 2.097 1.556 0.655 -0.014 1.556 1.376 0. 721 -0 .251) -0.507 0.677. 130 2.29 5 1.986 1.572 1.184 1.033 1.572 1. 58 5 0.401 0.032 0 .229 0.575 131 2. 168 1.805 1.331 0.986 0 .40 5 1.331 1. 395 0 .410 0 .157 -0 .108 1.152 132 2. 525 2.295 1. 81 7 1.354 1.0 3 3 1. 817 1. 824 0 .471 0.015 -0.082 0.585 133 2.349 2.059 1. 719 1. 300 1.093 1. 719 1.679 0.380 -0.105 0.006 0.654 134 2.128 1.72 5 1.193 0.484 0.377 1.193 1. 104 C.621 -0.142 c .097 0.411 135 2.54 6 2.304 1. 755 1.097 0. 16 8 1 . 7'55 1.7('0 0.604 -0.091 -0.660 0.970 136 2. 209 1 .986 1.489 1.037 0.434 1.489 1. 511 0.475 0 . 046 - 0 .352 0.870 137 2 . 3 58 2.089 1.707 1.273 1. 033 1.707 1. 681 0.408 -0.064 - 0 .02 8 0.624 <D 1 3 8 2.515 2.295 1.817 1.420 1. 0 74 1.817 1. 85 7 0.438 0.092 -C.053 0.646 (J1 139 2.349 2.037 1.616 1 .1 76 l.C37 1.616 1. 6') 6 0.430 -0.1)22 0 .1 7 9 0.526 140 2 . 368 2.120 1.690 1.184 0.644 1. 690 1. 65 2 0.468 -0.1)'30 . -o. 393 0.842 141 2 .474 2.2 0 1 1.611) 1.148 0 . 889 1. 6 10 1.674 0.526 0.122 C'.l3 5 0.505 142 2.415 2.144 1.137 1.358 1.124 1. 737 1.751 0.393 0.036 0.083 0.643 143 2.349 2.051 1.65'5 1.243 1.029 1.655 1.647 0.404 -0 .02 0 0.084 0.63 3 144 2.484 2.243 1. 73 7 1.205 0.749 l . 737 1. 724 0.519 -0.1)25 -0.232 0.672 145 2.415 2.112 1.650 1.164 0.690 1.650 1.638 0.474 - 0.024 -0.205 0 .81 9 146 2. 504 2.295 1.80'5 1. 401 1.059 1.80'5 1. 848 0.447 0.097 -0.052 0.61 6 147 2.494 2.243 1.667 1.097 o. 504 1.667 1. 670 0.5 73 0.006 -0.2 gz 0.73 6 148 2. 56 7 2.278 1. 811 1.434 1.152 1. 811 1. 856 0 .422 0.107 C.l1 5 0 .678 149 2.535 2.340 1.876 1.520 1.243 1.876 1. 930 0.410 0.132 0 .0 33 0.575 151 3.494 3.218 2 .65 5 2.168 1.830 2.655 2.693 0.525 0.1)72 o. 013 0. 586 152 3. 713 3. 377 2.876 2.494 2.144 2.876 2.936 0.441 0.136 0 .120 o. 777 153 3.644 3. 377 2.902 2.313 1. 811 2.902 2.845 o. 532 -0.108 -0.329 0.722 154 3.494 3.218 2.690 2.218 1 .743 2.690 z. 718 0.500 0.056 -0.142 0.751 155 2.454 1.761 0.889 0.313 0.082 0.889 ! .037 0.724 o. 205 0 .523 0.638 156 3.644 ' 3.322 2.444 1.805 !. 459 2. 44.4 2. 563 0.759 0.157 0.141 0.440 157 3.322 2.773 1.761 1. 10 9 0.599 1.761 1.941 0.832 0 .216 0.24C 0.635 158 2.474 1. 731 0.786 0.201 0 . 0 74 0.786 o . 966 0.765 0.235 o. 63 8 0.569 159 3.535 3.044 2.567 1.993 1.489 2.567 2. 518 0 .526 -0.093 -C.l04 0.947 160 2. 368 1.610 -0.299 -0.963 -1.696 -0.299 0.323 1.287 0.483 0.493 0.579 161 3.454 2.943 2.434 2.C'59 1.638 2.434 2.501 0 .442 0 .151 C.253 1.053 162 2.986 2.484 2.044 1.372 0 .761 2.044 1. 92 8 0 . 556 -0.208 -0.307 1.~01 165 3.322 2.916 2. 377 1. 811 1.415 2. 371 2. 363 0 . 552 -0.025 -0.016 0.726 166 3.286 3.000 2.589 2.074 1.193 2.589 2.537 0.463 -0.111 - 0 .754 1.261 167 3.515 3.044 2.610 2.H2 1.678 2.610 2.578 0.466 -0.069 -0.030 0.972 168 3.168 2.889 2.415 1.902 1.105 2.415 2.396 0.493 -0.039 -C.565 1.091 169 3. 916 3.120 2.678 2.193 1.749 2.678 2.656 0.464 -0.047 0.333 1.336 170 3.201 2.930 2.515 2. 044 1 . 644 2."i1'5 2.487 0 .443 -0.063 -C'.208 0.758 111 3.943 3.201 2. 644 2.022 1.499 2.644 2 . 611 0 .590 -Q.055 o . 131 1. 013 
SAMPLE PERCENTILES 
NUMBER 95 84 50 16 
172 2.160 1.638 1.044 0.396 176 4.000 3.474 3.014 2.599 
178 2. 504 2.097 1.650 1.189 179 3.474 3.269 2. 655 2.074 
180 3.434 3.168 2.678 2.193 
182 3 . 377 3.059 2.690 2.269 183 3.120 2.930 2.504 2.066 184 3.168 2. 889 2.454 2.097 
185 2.621 2.260 1.578 0.957 
186 2.713 2.396 1.755 1.022 209 3.578 3.194 2.749 2.340 
210 2.295 1.340 0.358 -0.449 
211 3.556 3.269 2. 849 2.578 
212 3.358 3.014 2.589 1.862 
213 3.644 3.358 2.889 2.525 
214 3.578 3.340 2.869 2.535 
215 3.'515 3.340 2.862 2.252 
216 3.494 3.304 2. 649 2.535 
217 3.474 3.234 2.836 2.535 
218 3. 358 3.089 2.725 2.386 
219 3.494 3.23~ 2. 624 2.535 
220 3.556 3.252 2.786 2.377 
229 3.201 2.930 2.535 2.168 
<D 230 3.201 2.930 2 .484 1.950 
m 231 3.201 2.876 2.464 2.176 232 3.136 2 . 889 2.405 2.029 
233 3.358 3.044 2.701 2.405 
234 . 3.152 2.836 2 . 377 2.059 
240 3.286 2.957 2.377 1.916 
241 3. 971 3.168 2.610 2.152 
242 2.786 2.474 2.000 l-515 245 2.599 2.304 1.767 .164 
246 2. 725 2. 405 2.051 1.567 
248 3.029 2.667 2.286 2.014 
249 2. 971 2.701 2.234 1o 719 
250 3.014 2.678 2.209 1.655 
251 3.515 3.269 2.725 2.260 
253 2.971 2.535 1.869 1.074 
254 2.836 2.356 1.731 1.097 
255 3.434 3.029 2.386 1.616 
256 3.737 3.415 3.014 2.525 
259 5.396 4.218 3.286 2. 773 
260 4.434 3.164 2.494 1.993 
261 3.786 2.902 2.368 2.00 0 
262 3.644 3.029 2.5 46 1.950 
266 2.836 2.484 1.755 0.786 
267 3.377 3.044 2.644 2.136 
268 3.689 3.168 2. 464 2.051 
273 2.105 1.667 1.055 0 . 377 
274 2.377 1.943 1 . 132 0.454 
275 2.690 2.260 1. 638 0.786 
276 2.377 2.089 1.633 1.18 1J 
277 2.358 2.029 1.589 1.116 
278 2.112 1. 773 1.193 G.484 
' / ,• '• \ 




































































































































































1. 52 3 
1.635 
1. 573 
1. 12 9 
PHI PARAMETERS 
DEVIATION SI<EWNESS1 SKE WNESS2 KURTOSIS 
0.621 -0.043 0.226 0.570 
0 .437 0.051 0.~75 0.779 
0.454 -0.015 -0.023 0.905 
o. 597 0. 027 -0.185 0.555 
0.488 0.005 - 0.220 o. 771 0.395 - 0.065 - 0.109 0.849 
0.432 -0.015 -0.772 1.199 
0.396 0.098 (1.231 0.572 
0.651 0.048 -0.142 0.744 
0.687 -0.067 -0.339 o.731t 
0.422 0.031 o.ou o. 952 0.894 0.097 0.346 o. an 
0.346 0.214 0.095 o. 961 0.576 -0.261 -0.470 0.806 0.417 0.126 -1.129 1. 941 0.402 0.121 -0.362 1.073 
0.544 -0.123 -0.526 o. 724 0.384 0.183 -0.266 0.944 
0.350 0.138 -0.232 1. 056 0.351 0.037 -0.003 0.806 0.350 0.175 0.068 0.850 
0.437 0.065 -0.399 1.161 
0.381 0.036 0.097 o. 651 0.490 - 0 . 090 -0.417 o. 882 
0.350 0.120 0.354 0.696 0.430 0.125 -C.049 o. 749 
0.319 0.073 I -0.069 1.128 0.389 0.182 -0.197 1.190 
0.521 0.114 -0.123 o. 869 
0.508 0.098 0.216 1.463 0.480 - 0.012 - 0.065 0.703 0.570 -0.058 -0.195 c. 655 
0.419 -0.155 -0.191 0 .798 0.326 0.166 0.206 1. 072 0.491 -0.049 -0.469 0.970 
0.511 -0.083 -0.270 0.844 0.504 0.076 -0.412 o. 978 0.731 -0.088 -0.214 0.123 0.631 -0.005 -C.159 o. 912 0.707 -0.090 -0.14C 0.624 0.445 -0.100 -0.533 1.157 0.722 0.290 0.590 1. 331 0.596 0.159 0 .837 1. 420 0.451 0.185 C.769 1.374 0.539 -0.1 04 -0.150 1.185 0.849 -0 .142 -0.212 O.lt86 0.454 -0.119 -0.562 1.177 0.558 0.261 0. 440 1. 112 0.645 - 0.052 0 .132 0.495 0.745 0.089 0.222 0.450 0.737 -0.156 -0.180 0.606 0 . 454 0.005 -0.1'53 0.791 Co456 -0.035 - 0 . 154 0.841 0.645 -0.099 -0.069 0.495 
I I 
... . ' ' i 
~ ·. ,• ( ·. I, • ... I. 
I' 
i_ 
SUMMARY OF SAMPLE PARAMETERS 
SAMPLE PE RCENTILES PHI PA RAM ETE RS NUMBE R 95 84 50 16 05 MEDIAN MEAN DEVIATION SKEW"' ES 51 SKEWNE5S2 KUPT OSIS 
279 2.14 4 1.767 1 .144 0.621 0 . 295 1.144 1.194 o. 5 73 0 . 08 8 0.1 32 0.6 14 28b 4.690 3.358 2 . 260 1.690 1. 439 2 . 260 2 . 524 0 . 8 34 0 . 31 6 0 . 964 0. 9 48 287 4.396 3.340 2. 425 1.650 1. 291 2 .42 5 2.495 0 . 8 45 0 . 083 0. 495 C. 837 288 5. 644 4.5 9 9 2. 971 1.140 -2. 186 2.911 2.870 1. 730 -0 . 059 - 0 .71 8 1. 263 289 5.12C 3.91 6 2. 567 0.889 -o. 305 2. 56 7 2.402 1. 5 13 -0 .10 9 - C.10 5 o. 792 291 4.213 3.415 2.8 8 9 2.226 1.621 2 . 889 2. 821 (J . 5 95 -O.ll 5 0 .0 51 1. 1 83 292 4.218 3.044 2. 260 1. 530 -2 . 257 2 . :!60 2 . 287 0 . 757 0 .0 3 6 - 1. 6 91 3 . 2 77 293 3.737 3. 218 2.678 2.21!'~ 1.950 2.678 2.7 18 0 . 500 0 .079 o . 3 31 0 .7 87 295 3.358 2.86 2 2.340 2.029 1.605 2 . 340 2. 446 0 . 417 0 .2 54 0 . 340 1.1 04 339 2. 713 2.464 2.02 9 1.589 1 .278 2 . 0 29 2. 026 0 .4 38 - 0. 001 - o.oo e 0 .709 340 2.798 2. 504 2. 0 97 1.695 1. 551 2 . 097 2.1 00 0.40 4 0 . 00 7 0.192 0 . 542 341 2. 798 2. 415 0.578 
-0.740 -1.398 0 . 578 0 . 838 1 .5 77 0.165 C.078 o. 330 342 2.957 2. 644 2.201 1.69::1 1.308 2 . 2Cl 2. 16 7 0.477 -0.0 72 - 0 . 143 0.728 343 3. 0 74 2. 811 2.313 1.633 0.144 2.313 2. 222 0.589 - 0 .15 5 -1. 195 1.487 344 3.044 2. 798 2.358 2.112 1. 882 2.3 58 2. 455 0.343 0 .2 83 0. 305 0.694 345 2. 713 2.243 1.136 -1.160 -1.984 1 . 1 3 6 c . 541 1.702 -0 .34 9 - 0. 453 0.380 346 2.849 2.546 2.160 1.725 1.401 2. 1 60 2. 135 0. 410 - 0. 0 60 - 0 . 0 85 0.765 346 2.957 2.599 2.260 1.979 1.725 2 . 260 2. 289 0.310 0 .093 c . 2 61 0 .985 347 2.986 2.701 2.243 1.119 1.014 2 .243 2. 210 0 . 49 1 -0 . 067 -('.495 1. 007 
U) 348 2. 902 2.415 0.037 -1.251 -2.094 0 .037 0 . 582 1. 833 0 . 298 C. 20 1 0 . 363 349 2.396 1.014 -0.459 -1.480 -2.009 -0 . 4 59 - 0. 233 1. 247 0 . 1 8 2 0 . 523 0 . 766 
-.J 360 0.889 o. 633 0.007 -0.118 -0.967 0 .00 7 - C. 043 0 . 6 75 - 0. 0 74 - 0 . 069 0.374 361 0.986 0. 824 0 . 386 0.059 -0.395 o. 386 C' .441 0.3 82 0 . 14 3 ' - 0 . 238 C.805 362 3. 105 2.304 1.594 0.862 0.313 1.594 1. 583 0. 72 1 - 0. 015 0 .159 0.9 37 363 0.824 0.454 -0.31 6 - 0.816 - 0 . 949 - 0 .31 6 - 0 .1 81 0. 6 35 0 .213 0 . 400 0 . 3 96 364 1. 0 44 o . 811 0.322 - 0. 170 - o. 731 0 . 32 2 0.32 1 0 .490 -0.003 - 0 . 338 o. 8 t o 365 2.749 2.168 1 . 5 83 0.849 0 . 358 1 .5 83 1. 509 0. 6 59 -C .ll 3 - 0 .045 o . 8 n 366 0 .986 0.633 -0 .118 -0 . 811 - 1. 376 - 0 .11 8 -0 . 0 ~9 0.72 2 0 . 03 9 -0.107 0.635 367 1.120 0.849 () . 34 9 - 0. 091 -0 .66 9 0 .349 0 . 3 79 0.470 0.064 -0.263 0 . 9 03 368 1.479 1.128 0 . 4 84 0 . 044 -0 . 470 0 .484 0 .5 86 0.542 0 . 18 8 c . 0 38 0.797 369 1. 313 0.971 0.46 4 0 . 089 -0.189 0 . 464 o . 53 0 0.441 0 . 151 0 .2 22 0.70 3 370 0.902 0.434 -0. 390 -0.934 - 1.583 -0.390 -0 . 250 0 . 684 o . 20 5 c. 0 12 0 . 8 17 371 0.798 0.425 -0.350 -0.840 -0.967 -0.350 -c . 208 0 .632 0 . 22 6 0 .421 0.396 372 1. !44 o. 862 0.3 86 0.022 -o. 506 0.386 C.44 2 0.420 0 . 1 32 - 0 . 16 0 0.963 373 3.434 1. 9 86 0 . 9 57 0 . 286 0.074 0 . 957 1.13 6 0.8 50 0 . 21 0 0.938 0.977 374 0.599 0.0 91 -0.6 92 - 1 .618 -2.064 -0 .692 -0.761 0 . 858 -0.0 81 - 0 .047 0.5 53 375 0.943 0.74 9 0.2 34 - 0.470 -0.852 0 . 2 34 0 . 140 0. 609 - 0.1 56 -0.310 0.473 376 2 . 589 1 . 986 1 .184 0. 504 0 . 209 1 .184 1 . 245 0 .741 o.oa 2 c. 290 0.606 377 o . 66 7 0 . 26 0 -0.433 - 0 . 844 - 1 . 10 1 -0 .43 3 -0 . 292 0.552 0 . 255 0 . 391 0.601 37 8 1.2 13 0 . 824 0 . 278 - 0.41 1 - 0 .82 8 0 .278 0.2 06 0.6 18 - 0 . 116 -0.137 0.653 37 9 3.454 2. 713 1 . 6 90 0. 66 7 0 . 17 6 1 . 6 90 1 . 69 0 1. 0 23 o .ooo 0 .123 0.6 0 2 380 0. 260 -o . 111 - 0.585 -0 .934 - 0 .470 -0 . 585 -C.52 2 0 . 411 ·o. 15 2 1 . 167 -0.112 3 81 0. 943 0. 72 5 0. 20 1 - 0 . 470 - 0 . 8 28 o . 20t ('.12 8 0.<;97 
-0.123 - 0 . 240 0 . 4 8 2 382 2.8 36 2.066 1. 31 7 0 . 6 5 5 0 . 260 1 . 317 1. 361 0. 70 6 0.061 0 .3 27 (' . 8 26 3 83 0.991 0.690 0 . 112 - 0 .63 2 -0 .926 0 . 112 0 . 0 2 9 0 . 661 -0 . 127 -0. 12 1 0 . 450 384 ') .957 0 .798 0 .349 0 . 007 -0.5 56 0 . 349 o. 403 0 . 39 6 0 . 1 35 -o. 375 o . cn 3 38 5 2.525 2.226 1 .499 0.494 0 .17 6 1 . 490 1.360 0. 866 - 0 .161 - 0 . 172 0. '356 386 0 .786 0 .464 -0. 328 -0.85 2 - 0 .993 
- 0 . 328 - 0 .194 0 . 658 0 . 203 0 . 341 0 . 352 38 7 1.144 0 . 786 0.234 -0 .449 -0.82 8 0 .234 c . 16 8 0 . 6 17 -0 . 10 7 -0 . 124 0 . 597 38 8 2.701 2.340 1. 830 1.025 o . 377 1 . 830 1.68 3 0 . 657 -0 . 2 24 -0. 443 0 . 768 389 0.340 - 0 .077 -0.660 -1. 29 0 - 1 . 92 0 - 0 . 660 - 0 . 684 0 . 60 6 - 0 . 03 9 -0 . 2 1 5 0 . 864 390 1.40 5 o. 971 0.444 C· .1 05 - o . so 1 0 . 444 0 . 538 0 . 433 (' . 217 c. o 19 1. 199 391 3.002 2.525 2 . 089 1.354 0 .474 2 . 1)89 1. 9 39 0 . 586 -0 . 256 - 0 . 600 ,_ . ,_5 9 392 0. 599 C.12 8 - 0 . 516 - 0 . 94 5 - .1. 534 -0 . 51 6 - 0 . 4 08 0 . 537 0 . 201 o . 0 91 0 .988 
SA MPLE PE RCENTILES 
NUMBER 95 84 50 16 
393 1.363 o. 849 0.112 -0.623 
394 2.836 2.484 1. 824 0.504 
395 0 .837 0 .454 - 0 .373 -0 . 952 
396 1.152 o. 824 0 .269 -0.373 
3 97 3 . 4 54 2.484 1. 56 2 0 . 358 
402 4.59 9 3.454 2.097 0.567 
403 4.218 , 3.494 3 . 089 2.713 
404 4.644 3.415 2.889 2.556 
405 4.035 3.286 2.849 2.621 
406 4.644 3.304 2. 811 2.567 
407 5.474 3.971 2.902 2.599 
408 5.474 4.000 3.044 2.667 
409 4.889 3.535 2.957 2.836 
410 5.059 3.599 3.059 2.546 
411 5.556 3.786 3.000 2.599 
412 4.786 3.667 3.029 2.678 
413 4 .9 43 3.474 2.725 1 . 786 
414 4 .089 3 .201 2.546 1.950 
415 5.000 3.667 3.009 2.599 
416 4.120 3.269 2. 713 2.184 
(D 417 3.137 3.184 2.644 2.112 lt20 2.725 2.193 1.633 1.048 
a> 
; .• ·. 
SUMMARY OF SAMPLE PAR AMETERS 
05 MEDIAN MEAN 
-0.918 0.112 0.113 
0.037 1.824 1.494 
-1 . 70 9 -0 . 373 - 0 .249 
-o . 807 0.269 0.225 
-0.077 1 . 562 1. 421 
0.152 2.097 2.011 
2.535 3.089 3.104 
2.252 2.889 2.986 
2.386 2.849 2.954 
2. 415 2. 811 2. 936 
2.304 2.902 3. 285 
2.578 3.044 3. 333 
2.295 2.957 3.186 
2.243 3.059 3.013 
2.415 3.()00 3.193 
2.556 3.029 3.112 
1. 391 2. 725 2.630 
1.489 2.546 2.576 
2.425 3.009 3.133 
1.546 2. 713 2. 727 
1.638 2.644 2. 648 
0.377 1.633 1.620 
\: ( 
PHI PARAMETE RS 
DEVIATION SKEWNESSl 
0.736 0.001 
0.990 -o. 333 
0.703 0. 1 76 
0.598 -0.013 
1. 063 -0.132 
1.443 -0 . 060 
0.390 0.037 
0.429 0.225 


































































I . • 
PIPETTE ANALYSIS RESULTS 
Sam~le Number 
Dl P2 02 P3 
¢5 2. 50 2.35 2.26 2.32 
¢16 2.83 2.70 2.48 2.62 
cl> 5o = Mdcp 3.30 3.10 2.80 3.20 
¢84 3.80 3.68 3.40 4.25 
cl>gs 5. 65 4.60 4.42 6.80 
Percent Clay 3.88 2.06 3.52 2.90 
Mel> 3.32 3. 19 2.94 3.48 
a 0.48 0.49 0.46 0.82 
a 0.04 0.18 0.30 0.34 
a 1.62 0.62 1.17 1.66 
II 
f3 2.28 1.30 1.35 1. 73 
The following samples were designated as rock on the basis of fresh 
rock fragments or living organisms known to exist only on solid 
substrata obtained in the grab: 
23, 24, 42, 45, 46, 47, 257, 258, 280, 281, 282, 284, 285, 290, 401, & Pl. 
Sample number 181 contained only sand dollars (Dendraster excentricus) . 
Samples numbered 418 and 419 contained only calcareous detritus, pri-
marily worm tubes and broken shell fragments . 
199 
APP ENDIX F 
Scatter plots of vari ous combi nations of 
Inman parameters fo r all sampl es collected 
for the quasi-synopti c area l survey, and for 
bottom samples by depth interval, with t hose 
sampJes located near shale outcrops or the 
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Kurtosis vs 2n d Skew ess 
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2nd Skewne ss vs 1st Skewne ss 
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Phi percentiles and Inman parameters of samples 
collected and analyzed by the noted sand mining 
compan i es . Sample number refers to consecutive 
day of the referenced year. 
215 
I I ~I 
SU~~~RY OF LAPISIPCAI PHI PARAMETE RS: 1962 
SAMPLE PERCENTILES PHI PARH~ETE RS NUMBEP 95 84 5C 16 C5 MEDIAN 1-1EAN DEVIATION SK EWNESS1 SKEWNE SS Z KUPTOS IS 
27 1.286 0. 644 -o. cn9 -0. 496 - :':1 .774 _, ·. 019 O. G74 D.570 0.163 c . 482 0 .8 0 8 3C 1.943 1. 35 8 o .c5 1 - C.536 -0.888 0. 0 51 0 .411 0 . 947 r .3 8o 0 . 503 0 .494 30 1. 599 0.916 0 .097 - 0 .50 6 -0.864 o.oc:n [; . 20 5 0.71 1 0 .152 c. 3 81 0 .733 32 1. 515 c. 811 -0.057 - 0 . 69 2 -1.124 -0.057 ('.060 0 .751 0 .155 c. 3 35 0 .756 34 1.454 0.971 0.234 - ( .333 -o. 122 0.234 ( .• 319 (J. 6 52 0 .130 0.201 0. 668 37 1 . 377 c. 849 0.097 -(. .5 31 - 0 . 963 0.097 r.l59 0 .690 0.1)9( 0.1 59 0 .695 41 1 .252 c. 713 0.051 -C.422 -C:.722 0.05 1 C.l45 0 . 568 0 . 166 o . 375 c . 739 44 1. 0 74 o. 737 0 .12 0 - (·. 449 -0.791 0.120 C.l44 0.593 0. 040 0.0 36 o. 572 48 1.18 4 c. 811 0 .386 -C .345 - 0 .722 0.386 C.233 0 .578 - 0 .265 -C..269 0. 650 51 1.252 0.737 0.051 -G .556 - 0 .985 0.05 ! 0 . 09] 0 .~46 0 . 061 C.126 c . 730 53 C.678 0.136 -o. 57 .-l -1.287 -1.782 -o.5n - 0 .575 (j . 711 
- O. OC·7 O.C26 0.729 55 ::: . 4C 5 0.201 -0.084 - C. 422 - '}. 664 -0.084 - 0 .111 0.312 -~'.085 -c .146 o. 717 58 .;,. 59 9 0.168 -0.350 - 0 .836 -1.151 -0.350 - C.334 0 . 502 0 . 133 0 .1 49 0 . 743 60 1.434 0.349 -0. 333 -0 .848 -1.240 - 0. 333 - 0 .249 0 . 599 0 .1 40 o . 719 1.234 65 1. 761 1.120 0 .46 4 -C.1 95 -C.614 0 .464 0 .462 0.658 -o.o r 2 (' .167 0 .80 5 68 1.943 1.535 o. 916 0 .368 -0.251 0.916 c . 952 0 . 584 0 .161 -0.119 0 .879 12 1. 690 1.152 0.082 - C.585 -0 .971 0 . 082 0.284 0 . 868 0 . 232 C.320 0 .532 74 1.599 1. 168 0 . 444 - 0 . 195 -0.575 0.444 0 .486 0 . 682 0 .062 0.100 0 .595 76 1. 713 1.168 0.396 -0.305 -0.722 0.396 G.432 0 .736 :') .149 o. 135 0 .654 79 1. 862 1.454 0.811 -c.c - c. 511 0. 8 11 c. 72 7 r.727 - 0.1 15 -0.186 0.632 I\) 81 1. 811 1.377 o. 713 - 0 . 0 64 -0 .470 o. 713 c . 657 o. 72C -0.078 
-0.059 0.583 
- 83 1. 644 1.168 0.386 -C.233 -0.609 0.386 C.468 0.700 0.116 0.187 0.608 m 86 1.578 1.168 0.377 -o. 30 5 -0.674 0.377 C.432 0 .736 ('1 . ()74 0 .1 02 0.529 93 1.454 1.074 0 .444 -c. 131 - 0 .480 0.444 0.472 1" .602 0 . 045 0 .071 0 .605 97 1. 811 1.358 0.525 -C.251 -:>.575 0.525 o . 554 o .805 0.036 0 .115 0. 483 100 1. 599 1.059 0 .128 -C.628 -1. 0 74 0.128 o . 216 c .843 C.1 0 4 0.160 0.585 107 1.599 1. 059 0.286 -0 .233 -0. 590 0.286 c . 413 0 .646 0 .1 96 C.338 0.695 109 1. 515 0.957 -0 . 104 - 0 .911 -1.536 -0.104 o . 023 0 . 9 34 0 .1 37 C.100 0.63 3 111 1.556 1.000 0.193 - 0 .444 - 0 .844 () .193 (' .278 0 .722 o . 119 0.227 0 .663 114 1.152 0.589 -0.214 - 0 .918 -1.390 -0.214 - u .165 0 .753 0 . 06 5 0.127 0 .687 118 1. 0 29 0.340 - 0 .356 - 0 .937 -1.353 -0.356 - 0 .299 0.639 0 . 090 0 .304 0 .8 65 123 1.474 0.798 0 .014 - 0 .384 - C.888 0 . 0 14 c. 207 0 . 591 0 . 32 6 c . 4 71 0 .997 125 1.761 1.322 o. 515 -0.176 -0.575 0 .515 C. 573 0 . 7 4 9 0. 0 78 C.105 0.5 60 128 1 . 916 1.396 0.128 - C.599 -1.032 0 .128 C. 39A o .o9a o. 271 C.315 0 .478 130 l. 811 1. 396 0.525 - 0 .433 - 0. 926 ().525 0 .481 0 .914 -0. 1) 47 - 0 .090 0.497 132 1. 396 0. 930 0 . 20 1 -0.406 -0 .824 o.z:n ('.262 0 .668 0 . 091 0 .12 8 0 .662 139 1. 474 o. 916 0 . 007 -C.632 -1.011 0 .00 7 C. l 42 o. 774 ". 174 C. 2 9C 0.60 5 142 1.578 1. 218 0.701 0 .066 -0.299 0.701 C.64 2 o. 5 76 - 0.113 - 0 .1 ')7 0 .630 143 1. 57a 1.1 0 5 0 .144 - C. .57 5 -1.029 0.144 0 .265 0.840 0 . 144 0.155 0.55 1 146 1.252 C.168 -0. 384 - C.888 -1. 240 - 0. 384 -o. 360 C.'5 28 0 . 04 6 o . 739 1. 360 150 1.578 1.136 0.425 -0.251 -0.642 0.425 r.44 3 0 .694 0.026 0.063 0.600 153 1.916 1.556 0.678 -0.138 -0.575 0 . 678 0 . 709 0 . 847 0 . 037 -0.009 0.471 156 1.o90 1. 252 0 .444 -(' .251 - 0.723 Oe444 o . 500 0 .751 0 . 075 C.052 0 .60 6 !60 1.786 o. 916 - 0 . 138 - C.736 -1.154 - 0 .138 0 . 0 90 0 . 826 0 . 276 0 .549 0 .780 184 2.029 1.667 0.862 - c .2o8 -0.723 0 .862 0 .729 O.Cl37 -0.142 
- 0 .2 24 0 .4 68 188 1.916 1. 556 0 .578 -0.287 -0.692 0 .578 0 .635 o .qz2 0.062 c .o37 0 .415 193 1.837 1.515 0 .737 -0. 0 70 - 0.5 16 0 .737 0 .72 2 o . 792 - 0 . 0 19 - c. o 97 0.484 
SAMPLE NUMBER= CONSECUTIVE DAY OF YEAR, E.G., 37 = 6 FEBRUARY 
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! • 4 74 




1. 4 34 





1. 7'l, 7 
1. 2 52 







0.876 (',44 4 
0.368 (',043 
P"'R Cri\J TIL ES 
ll4 'i " 16 
1 . 340 
0. 0 16 
1. 2C l 















1. 5! 5 
1.556 







0.7 (; 4 
0.8 6 2 
1. 08 9 
0.916 
o.P11 








0. 6~ 5 
0.849 
-'J.036 (') .889 
0.644 
t. cr o 
0.484 























































-0 .17 0 

























- 0 .531 
-0.111 
-1).575 
- :) .362 


















n c; t-~ E niAN 
-0,422 ').678 
-0.632 '1,2B6 
-0.'556 ") .546 





-0.'561 0 .5 2'5 
-0.157 1.014 
-0.322 1."20 
-0.50 1 0 ,7 37 






- IJ. 110 0 . 7 9A 
-0.104 ').876 
-0.740 0 .176 
-C.A64 0 ,1'59 
-1.077 . -"),057 
-1.240 -0.214 
-1.313 -0.104 
-1. 322 - 0 . 0 91 
-1.154 -0 . 091 
-0.975 O."l37 
-0.971 0 , 074 
-~.551 0 . 4~4 
- 1. no o 0 .~74 
-0.723 ').193 
-0.674 ~.234 
-0.971 0 . 0 97 
-0.449 0 ,578 
-0.723 1) . 2 86 
- f) , R20 1964 ') , 655 
-1.305 -'). 195 
-1.2401965-0.0 43 
-1. 02 5 -0.029 
-1. ~8 4 - 0 .064 
-1." 2 9 0 .13~ 
-1.714 -~ .61 ~ 
-0.787 0 .13 6 
-1.021 -o.o 
-1. 0 0 0 ~.193 
-0.832 -~ . 050 
-1.1'142 -1 ,744 
-1.150 - •) . 5 11 
-1.128 -).189 
"'FAN 







1), 3 89 
'J. f-.6 8 
1) , 9 3 2 
0,0 (19 
0.7~9 










o. (' 21 
-o. 113 









o. 16 8 
0.567 




O. C0 7 
0 .1 37 




- 0 . 02 4 
-').774 
-0 . 500 
-'1.140 
S~MPLE NUMP.ER = CQNS E(t JTIVE OAY r]F YEM, F . G,, 35 0 = 16 I)~"CE"''RER 
PHI DAQ ~ "'' fT f P S 
OEVT~T ION SKE~NESSl SKEWNESS2 
rt, 671) 
n. 60 1 
I' , A8 5 
0 .75 2 
1) . 71 () 
I'). 7, '5 
O. A'>8 
').641) 
0 . [\.)6 
t; , t- 46 
') , 691 
0 .79 6 
') . 65:? 
1) ,73 2 
0. 738 
1' ,721 
"' . 713 
1'1, 7() 1 
0 .73 9 
IJ .t-44 
o. 61 0 
I). 66 2 
I). ()8 1 
I) . 72 3 
') , 873 
0. 868 (\ , 679 
I) . 65 7 
') , 697 
o. 60 0 
0 . 746 
o. 586 




1) , 81)'5 
0 ,755 
o. 693 
') . 63 2 
0 . 648 
o. 712 
o. 618 
!) , 66'? 
I) . 62 4 
o. 766 
1) , 51) R 
0 ,6'll) 
o. 50 7 
0 . 5B4 






') , 091 
1"1,091. (' .171'1 
- 0 .1 2~ 
- r .l 75 
c. oo3 
-0 .103 
-'::' . 003 
-0 .010 







"·1 14 0. 140 
1',185 
r .l75 
0 .11 5 
0 .10~ (' . 132 () ,01)0 
C' . 129 1"1,()<;4 
0 ,31)~ 




n, 08 3 
0 .056 






0 . 051 
-".044 
" . 022 
0 .085 
-1), (\ 66 
o. 0 82 
-0.066 
-0.034 
o. c 23 
') . 0 2 5 
c . 0 75 
o. 1 02 (1 , 0 35 
-n , 2 71 
-1',375 
-'J.l49 
-o. 2 6 0 
- 0 .088 
- C. 083 
-0.194 
-C' . 008 




c. 3 87 









o. 1 82 
0.238 




o. 2 24 












c. 576 (' , 610 
c. 54 1 
c. 545 






('. 58 1 




c. 524 (', 3 78 
c. 418 
C'. 4C 2 
o. 393 
n. 668 
o. 7 8(' 






c. 7 69 
o. 7 38 
~. 632 
r. 744 
o. 9 39 
(', 6 77 
c. 574 
o. 635 








o. 6 31 
c. 6(' 3 (' . 682 
c. 656 
C'. 694 
(' . 774 
.L -;-
--, 
~U~MdRY nF LAPIS (PCAI PYJ PARA"4F.TE'RS : 1964 - 1W>5 
SAMPLF. Di=R(I=~' T J LES PH J PARA~ETF.RS 
NUMBER 9<; R4 c;r; 16 1'1<; M!:l)tAN "''FAN OF.VUTION SKEWNESS! SKEWNE SS2 KIJPT OS T S 
27 1. 2 52 0.690 -0. 138 -0.848 - 1.387 -0.138 -O.OH 0 .769 0. 076 0.091 c. 716 28 0 . 386 0.(1'59 -0.506 -1.070 -1. '536 -0 .'506 -0.'506 1') . 56'5 :J.ooo -0.122 l'. 702 
32 0.701 0.278 -0.333 -0.937 -1 .395 -0.333 -0.330 ').607 0 .006 -o . 022 c. 726 
33 C. 464 -0.299 -1.160 -1.834 -1.947 -1. 160 -1.066 1).768 r.122 o. 51t.t, o. 570 
36 1.059 0.5~7 -0.195 -0.975 -1.506 -o. 195 -o. 204 o . 771 -0.011 -o. o 37 {'. 6f.4 
39 f'.633 0.234 -0.345 -o. 907 -1.359 -').345 -0.336 1).571 ".015 -0. 032 o. 745 
40 Co8 89 0.578 -0.036 -O.S85 -1.004 -0.036 -0.004 ').581 0.055 -o. o 37 o. 628 
41 0.1324 1).454 -0.144 -0.696 -1.1)64 -0.144 -0.121 0.575 0.040 o. 042 C'. 641 
42 0.862 ~.51"i -0.036 -0.444 -0.949 -0.036 0.035 o.~<79 o.14e -o . o 16 o. 890 
43 0.876 (1.474 -0.138 -o. 723 -1.1S4 -o. 13R -0.125 0.599 C'.021 -0.003 C'. 695 47 1.000 0.6~5 0.089 -0.406 -0.79S 0.089 'J.125 o.s31 ,.067 o.o 25 o. 601 
48 0.811 0.454 -0.124 -0.696 -1.121 -0.124 -0.121 0.575 C.006 -o. o 53 l'. 680 
49 o. 713 0.368 .. o. 220 -0.8"3 -1.11~9 -0.220 -0.218 0.585 "·004 -0.030 c. 624 50 C.474 0.112 -0.454 -1 .036 -1.478 -0.454 -1).462 0.574 -0.013 -0.083 0. 70C 
56 1. 184 0.849 0.144 -0.770 -1.441 1).144 1).040 0.810 -0.129 -0.336 ('. 621 
57 0.644 o. 278 -0.362 -1.101 -1.616 -o. 362 -0.412 0.689 -o. 012 -0.180 o. 639 
61 l'.924 0.484 -0.118 -o. 723 -1.198 -0.118 -'l.120 0.604 -0.003 -0.115 o. 675 62 0.690 o. 331 -0.333 -1.114 -1.658 -').333 -0.392 C'. 7Z3 -0.081 -o. 2 08 o. 624 
63 0.377 0.044 -0.655 -1.417 -1.8 18 -'l.655 -0.686 0.731) -0.043 -o . 089 o. 502 64 0.824 0.396 -0.202 -1.014 -1. 651 -0.202 -').309 0.71)5 -0.153 -0.301 c. 755 
N 67 C.535 0.136 -0.516 -1.214 -1.734 -1.516 -0.539 0.675 -0.034 -0.124 o. 681 
-
68 0.484 0.144 -0.438 -1.011 -1.472 -o. 438 -0.433 0.577 0.009 -o. o 97 c. 694 
CD 69 0.764 Co358 -0.251 -0.888 -1. ?40 -0.251 -o. 265 I). 62 3 -0.022 o. 0 21 o. 608 81 o. 916 0.51~ -0.214 -1.064 -1.134 -o. 214 -0.274 0.789 -0.076 -0.247 0.679 
82 0.678 -0.021 -1.491 -2.ono -2.00 0 -1.491 -1.011 0.989 o.~t85 o. 8 39 o. 354 
86 ('.930 0.589 -0.029 -0.692 -1.240 -fl.029 -0.051 1).640 -0.036 -0.198 ('. 695 
88 1. 358 0.655 0.022 -0.546 -1.032 0.022 0.055 0.601 0.055 ' 0.235 c. 99C 
90 O.Q71 0.633 o.ou -0.604 -1.084 1).022 0.('114 ').618 -0.012 -0.126 o. 662 
95 -0.379 -1.000 -1.9~2 -z.noo -2.()00 -1.922 -1.500 0.500 0.844 1.466 o. 621 
96 f'l.152 -0.151 -1).642 -1.284 -1.667 -0.642 -o. 111 0.567 -0.134 -o. 204 0. 605 
97 c. 371 0.1'::5 -o. 41 1 -c. 848 -1.~40 -0.417 -0.372 0.476 r.o9o; -o. o 31 0.697 
98 0.454 0.014 -1).575 -1 .205 -1.734 -n.575 -0.595 0.610 -0.033 -o. 1 06 0.795 99 1. noo 0 .425 -o. 138 -0.692 -1. 173 -0.138 -0.133 ') .5513 0 .007 0. 091 o. 91.7 
103 ('.824 ').t.34 - 0.144 -0.696 -1.138 -0.144 -0.131 0 .565 0.023 -o. o 23 c. 7 35 1ns ('.941 0.'525 -1).036 -0.521 -0.876 -').1)36 0.002 0.523 o.o7? 0.133 ('. 739 
106 ('.690 0.295 - 0.263 -0.860 -1.310 -o. 263 -0.282 0.578 -0. 034 -o.o e2 0. 731 
109 1.184 o. 358 -0.362 - 0.975 -1.422 -o. 362 -o. 30 8 0.666 0.081 0~ 364 o. 956 
110 o.o<n -0.1~1 -0.642 -1.147 -1.521 -1'\.642 -0.655 0.492 -l'l.028 -0.143 o. 645 
112 0.396 1).074 -0.449 -0.930 -1.299 -1). 449 -0.428 o. '502 0.042 -0.005 c. 6e8 
113 o. 218 0.051 -0.379 -o. 723 -1.094 -0.179 -0.336 0.387 (\. 110 -0.154 o. 693 
116 ('.599 0.234 -1). 281 -0.832 -1.240 -0.281 -0.299 0.533 -0.033 -0.074 ('. 725 
117 0.252 -fl."70 -0.632 -1.198 -1.625 -".632 -0.634 0.564 -1').004 -o. 097 c. 664 
118 (1.168 -0.(177 -0. SA5 -1.167 -1.614 -f). 585 -0.622 o.54S -0.066 -o. 2 53 o. 635 
120 2.000 1.377 0.515 - o. o91 -0 . 546 1).535 o. 643 0.734 ::'.147 o. 261 (1. 731. 
146 1.4 74 1.029 1).444 -0.136 -0.501 0 .444 1).41.6 0 . 583 0.003 0.073 o . 693 147 0.9('2 0.415 -o. 176 -0.761 -1.~41) -0.176 -'). 173 0 .538 0 .005 0.013 o. 821 
149 1.044 0.535 -0 . 014 -(1.4~0 -0.967 -').014 0.('28 o . 508 
·"· 082 o. 1 f'4 o. 980 153 1.786 1.4<;4 1. 029 0.678 o. 405 1.029 1. 086 1).4"8 ~. 140 0.163 c. 692 
159 1.494 0.8 62 -o.~ -o. 5 85 -I).Q56 -'l.O 0.139 0 . 724 0.1 9? o. 3 72 (1. 69~ 
SA~PLF NUM~FR = CONSECUT IV E OAY OF YEAR, E.G. , J<;O = 16 DECE~BER 
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SU~MARY nF PP ATTC O!PCAI DHT DARAMFT~RS, 1966- l 96q 
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- o. 22s 
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-o. 61') 3 
-0.7Q7 

















-1.27 1 -1).206 
-1.125 0 .213 
-1.142 0.198 
-1.198 -1.027 
-1.1'54 0 .050 
-1.190 -1.075 
-1.170 0.069 
-1.113 0 .172 
-1.138 0 .476 
-1.113 0.71)0 








-1.182 1966 J. lOA 
-1. 129--- o. 261 
-1. 1 8 2 I 9 6 ? -0 • 0 27 
-1.022 0 .162 
-1.182 -0.044 
-1.113 0.079 
-1.090 1 .103 
-1.109 0.152 
-1.194 0 .009 
-1 . 08 3 1.093 
-1.142 11. 142 
-1.170 -0.053 
-1.138 0 .06~ 
-O.CI86 1).182 
-1. 12 1 0 .127 
-1. 0 18 0 .127 
-0 .940 0. 142 
-0.935 1.203 
-1.198 -0.062 
-1.133 0 . 1)6'5 
-1.154 1.112 
-1.194 -0.142 
CONSECUTIVE DAY OF YEAR ,E.r,., 4 0 9 FEARUARY 
MEAN 
1).454 











































DEVI ATint-~ SKEWNESS! SKEWNE SS2 
0 .780 
1) , 691) 
') .73'> 
0 . 764 
').879 () , 954 



















J .66 0 







0 . 60 8 
o .P11 
0.599 
0 . 54 4 
0.603 
0 .977 () .722 
.J . 79'5 
o. 715 
































0 .05 3 
- 0 .088 
-0.030 
0.1 00 
- 0. 09 5 
-0.054 








- 0 .046 










-c . o 35 
o. 108 










-c. o 32 
1".1 39 
0.102 
-o. o 35 
o. 0 11 
0.1 67 
0.044 
o. 0 65 
o. 284 
o. 0 55 
0 .114 
- o . o 05 




o. 36 3 
o. 003 
o. 0 85 
o. 0 75 
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S IJMMA~Y QF PRATTCf'l(PCAI PHI PARA""ETERS, 1966 - 1'1613 
SA~PLE PFRC n lTIL ES PHI PARAMETERS 
NUMBER 95 ~4 sr, 1 6 1' 5 MEDIAN ~ E AN DEVIHiflN SKEWNE<\Sl SKEWNESS2 IC lJ RTCS IS 
69 1. 2 6 7 0.635 - 0. 104 -0. 9 86 -1. 47 9 - ').10 4 -o. 175 o . 811 - O.OA8 -0. 0 02 c . 69 3 69 1.300 0 . 7 52 0.093 - 0.6 6 7 - 1.170 0 .09'3 0.043 o. 709 - o . on -o. o 4 o 0.74 1 
80 1.182 0.63 5 0.009 - 0 .771 -1. 133 0.1)1)9 -0. 0 68 0 .703 -0.109 o. 022 o. 647 
82 1.379 0 .76 7 0.1 3 2 -0.524 - 1. 1"179 0.132 0.122 o . 645 -0 . 0 16 0.028 {\. 904 
83 1.45 2 0. 879 0.203 -0.329 -o. 940 0 .20'3 0 . 275 0 . 604 0 .119 0.087 c. 980 
86 2. 074 1.245 0.157 -0. 760 -1. 190 '). 1 57 0.24 2 1 . 0 1) 3 ::1 .085 o . 2 94 o. 628 
88 1. 737 0.991 0.142 -0.591 -1.11)0 0.1 4 2 0 . 2 0 0 0.791 0 . 0 13 o . 2 23 o. 79 3 89 1 . 767 1.289 0.409 -0.229 -0.91)9 0.409 0.530 ('.759 0. 1 59 o. 0 26 o. 764 03 1.203 0.6<;3 0.088 -0.567 -1.066 ').0138 0.063 0 .6 30 - 0 . 040 -o . o 32 o- 8C2 94 1. 391 0.775 0.065 -0.722 -1. 190 0.065 0.026 1).749 -0.051 0 . 048 0.724 95 1. 311 0.715 0.014 -0.833 - 1.202 1)."14 -0.059 0.774 -C.094 0.053 o. 623 97 1. 3 22 0. 7 29 1).00 9 - 0 . 797 -1.16 6 1) .009 -0.0 34 0 . 7 6 3 - 0 .056 0 . 090 o. 630 97 1.356 O.fl14 0.108 -0.609 -1 . 100 0 . 108 0 . 1 0 3 0 .111 -0 .007 o. 029 o. 726 
100 1.515 0.973 0.167 -o. 585 -1.129 1).167 0.194 0.779 ('1.035 o. 0 33 o. 6 97 
101 1.439 0.887 0.108 - o. 111 -1.194 0.108 0.085 0.802 -0.028 0.019 o. 641 
101 1.567 1.055 0.2 24 -0 . 459 -1. 0 49 0.224 0.298 0.757 0 .098 o. 047 o. 121 
102 1. 5 9 4 1 . C65 0. 198 -0. 54 8 -1.10 6 0 . 1 9 8 0 .25 8 o . 806 0. 0 75 0 . 057 o. 674 
103 1.767 1. 224 o. 250 -0.440 -1.005 o. 250 0 . 3 9 2 0.8 '32 0. 1 70 0 . 1 57 o. 666 
103 1.767 1.193 0.208 - o . 511 -1. 0 5 3 0 .208 0 .341 0.852 0.156 rl. 1 75 (1.656 1\) 103 1.664 1 . 122 o. 188 -0.542 -1.070 0.18A 0.290 0 . 832 ~'.123 0.131 o. 643 
1\) 10 4 1.678 1.093 0.193 - 0 .591 - 1. 0 75 0 .19 3 0.251 0.842 0 .069 0.130 o. 635 
0 107 1.476 0.879 0.088 -0.739 -1. 166 0.08 8 0.070 .'). 809 - 0 .023 0.083 o. 633 109 1. 4 7 6 0.913 0. 172 - 0.49 2 -1.087 ') . 172 o . 210 0.71)2 0 .054 0.032 o. 826 
110 1.528 0.956 0.182 -0.524 -1. ')53 0.182 0. 2 16 0. 740 0. 0 45 o . o 74 0. 745 
116 1. 224 0.628 -0.022 -0.802 -1.146 -0.022 -0.08 7 0 . 115 -n. 090 o.o 86 o. 656 
116 1.182 0.587 -0.0'57 -0.868 -1.186 - o.o 57 -0. 140 0.728 -o. 114 o. 0 11 o. 628 
117 1. 391 o. 767 0 .103 -0.609 -1.109 0. 103 o.o1q 1).688 - 0 .034 0.056 (1. 816 118 1.'528 0.775 o. 060 -0.720 -1.154 0.060 0.02 8 0. 747 -0 . 04 3 0 . 170 o. 794 
121 0.879 0.470 -o. 202 -0.986 -1. 271 - 0 .20' -o. 258 o.12q - 0 .078 o.oo8 0.476 
124 1.476 0.87Q 0. 112 - 0.661 -1. 113 0.112 0.109 0.7 70 - 0 .005 o.C90 1'. 681 
128 1. q 3 0 1.322 0.300 -0.597 -1. 117 0. 300 o. 362 1).959 "~ .066 0.111 o. 588 
129 1.846 1.300 0.278 -0 . 65 0 -1.146 O. 2 7A 0 .325 0 .97 5 0 .049 0. 075 0.535 138 2. 000 1.368 0 . '356 -0 . 579 -1.100 0.356 0.394 O. Q73 0 .039 0. 0 96 c. 59 3 
139 1.913 1. 391 0 .476 -0 . 3 85 - 1. 031 o. 4 76 o. 503 0 . 8 138 0.030 -0. 0 4 0 c. 657 
142 1. 502 0.822 -0.022 -0.863 - 1. 2~5 -0.022 -0 . 0 20 0. 84 3 o. 002 o . 191 c. 61 8 
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APPENDIX H 
Contours of refraction factor (Kb) and wave angle 
(ab) at the breaker zone, plotted with respect to 
wave period and direction of approach in deep 
water, for 5 stat i ons in southern Monterey Bay. 
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